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INT RODUC T I 0  N 

The purpose  of this  p r o g r a m  was  to develop s te r i l i zab le  e l ec -  

t ronic  embedment  m a t e r i a l s  and conformal  coatings sui table  fo r  u se  

in a n  a e r o s p a c e  environment .  

for  use  on e a r t h  a r e  vir tual ly  u s e l e s s  in outer  space.  

th i s  a r e  numerous .  Often the m a t e r i a l s  outgas se r ious ly  under  the 

high vacuum of space .  This  may be accompanied by m a t r i x  e m b r i t t l e -  

men t  as  well as  by recondensat ion of volati l ized gases on o the r  space -  

c ra f t  components ,  thus causing them to fail. Condensation type po lymers  

a r e  especial ly  suscept ible  to  this  type of problem. 

c o m m e r c i a l  p repo lymers  m a y  be p re t r ea t ed  under  high vacuum to 

remove  the i r  volati le f rac t ions ;  however ,  this  t r ea tmen t  often l eaves  

the m a t e r i a l s  too viscous to p r o c e s s  eas i ly .  

Many m a t e r i a l s  which a r e  appropr i a t e  

Reasons  for  

In s o m e  c a s e s ,  

Potentially wide t empera tu re  var ia t ions  i n  space  coupled with 

the need for  hea t  s te r i l i za t ion  capabili ty a l s o  l imi t  the se lec t ion  of 

candidate m a t e r i a l s .  

to be -60°C to 150°C. 

m a t e r i a l s  become br i t t l e  due to the i r  high g l a s s  t rans i t ion  t e m p e r a t u r e s ,  

whereas  a t  the upper  t e m p e r a t u r e  many polymers  tend to degrade ,  both 

physically and chemical ly .  This  is especial ly  t r u e  of the completely 

al iphat ic  po lymers  which, incidently, tend to  have the bes t  d i e l ec t r i c  

p rope r t i e s .  

An appropr i a t e  u s e  t empera tu re  range  a p p e a r s  

At the lower t empera tu re  many polymeric  

The p r o g r a m  covered he re in  includes both the synthes is  of new 

po lymers  and the i r  evaluation. 

a t ed  to any degree  during the  c u r r e n t  p r o g r a m  since they w e r e  ve ry  

extensively sc reened  during a p r i o r  y e a r ' s  work. However,  c o m m e r c i a l  

products  such  as  Epon X24  (an epoxy p repo lymer )  and Adiprene L315 

(an isocyanate  p repo lymer )  were  used extensively a s  s t anda rds  i n  the 

evaluation of newly synthesized amines  o r  polyols, respect ively.  

C o m m e r c i a l  m a t e r i a l s  w e r e  not evalu-  

1 
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SUMMARY AND CONCLUSIONS 

Synthesis procedures  have been developed for  the prepara t ion  of 

1 , 3  - bi s ( p  - e poxypr opylphenyl) t e t r a m e  thyldi si loxane, the m e  ta i some r 

of this  compound, and var ious  analogous diepoxy compounds of higher  

molecular  weight. 

p romise  as both potting compounds and conformal  coatings useful over  

a wide t empera tu re  range. The m o s t  difficult phase of this  invest iga-  

tion was  the development of epoxidation procedures  capable of providing 

good yields  of fully epoxidized compounds having a high degree  of purity.  

This  objective was  at ta ined through the development of a t r i f luoroperace t ic  

ac id  epoxidation p rocess .  

epoxidations a r e ,  however,  highly c r i t i ca l .  

Cured  epoxysil icones of this  type show considerable  

Tempera tu res  and s toichiometry for  the 

Trifunct ional  s i lazanes  such as  phenyltris(ethylamino)silane, 

vinyl t r i s  (hexylamino) s i lane and o ther  homologous compounds have been 

found to be excel lent  cur ing agents  for  epoxy r e s i n s .  Such r e s i n s  have 

excel lent  d i e l ec t r i c  p rope r t i e s  below 100 "C. 

t i e s  of these  curing agents  enable them to be formulated with epoxy 

r e s i n s  and f i l l e r s  to provide eas i ly  c a s t  composi tes .  Sil ica m i c r o -  

balloon fi l led composi tes  have a l s o  been found to outgas ve ry  l i t t le  

(1 percent  maximum) in high vacuum; fu r the rmore ,  the outgas products  

w e r e  found to be noncondensable a t  ambient  t empera tu re .  Mois ture  

resistance of the cured resins  w a s  excellent a t  ambient  t empera tu re  

although a t  100°C only those cu red  with s i lazanes  having long al iphat ic  

groups w e r e  excellent.  

physical  p rope r t i e s .  

The ex t remely  low v iscos i -  

Cured  r e s i n s  of this  type a l s o  had excel lent  

N -Methylaniline formaldehyde condensation products  have a l s o  

been found to be excel lent  cur ing agents  for  epoxy r e s i n s ,  

t r i c  per formance  of these r e s i n s  depends grea t ly  upon the m o l a r  ra t io  

of N-methylaniline to formaldehyde used in the anil ine formaldehyde 

prepara t ion .  

studied. 

provide curing agents  which yield cured  epoxides with s table  d i e l ec t r i c  

p rope r t i e s  between 25°C and  150°C. 

The d ie lec-  

Rat ios  of 2 : 1 through 1. 30 : 1 respect ively have been 

The highest  r a t io s  a r e  of l i t t le value but the lower r a t io s  

Dielectr ic  constants  have va r i ed  

3 



f r o m  4. 0 to 4 . 2  in  this  t empera tu re  range  while diss ipat ion f ac to r s  

var ied  f rom 0. C05 to 0. 007. The cu red  r e s i n s  a l s o  have excellent 

physical  p rope r t i e s ,  a r e  eas i ly  s t e r i l i zed  with ethylene oxide -F reon  

mix tu re ,  and outgas ve ry  l i t t le  (0 .  1 pe rcen t )  in  high vacuum (10 

F i l led  r e s i n s  a r e  r a t h e r  viscous,  however ,  and a re  preferab ly  c a s t  

using vacuum impregnat ion techniques.  

-6 t o r r ) .  

Various types of siloxypolyols have been made  by the condensa-  

tion of e i ther  t r imethylolpropane o r  1 , 4  -bis  (hydroxymethy1)diphenyloxide 

with diphenyldiethoxysilane , methylphenyldiethoxysilane, o r  phenyttri  - 
ethoxy s i lane.  Siloxyurethane s der ived  f r o m  these  siloxypolyols often 

w e r e  tough e l a s t o m e r s  o r  s t rong  r e s ins .  T h e i r  d ie lec t r ic  p rope r t i e s  

w e r e ,  however ,  never  sufficiently good to m e e t  the object ives  of th i s  

p rogram.  

4 



1. EPOXYSILICONES 

DISCUSSION 

Effor t s  m a d e  to  develop epoxysil icones sui table  fo r  conformal  

coating appl icat ions w e r e  d i r ec t ed  toward the synthesis  of 1 , 3 - b i s -  

[ p - (2, 3 - epoxy p r  o pyl ) ph e ny 1 ] t e t r a m e  thy ldi  s il oxane , the  homo1 o g ou s 

m e t a  i s o m e r ,  and s e v e r a l  analogous higher  molecular  weight s i loxanes.  

S t ruc tu res  of t hese  va r ious  compounds a r e  shown below: 

1,  3 -bis [ p-(  2 , 3  -epoxypropyl)phenyl] te t ramethyldis i loxane 

I - 

1 , 3-bis [m-(2,  3-epoxypropy1)phenyll te t ramethyldis i loxane 

I1 - 

1 , 5 -bis  [ p-(2, 3-epoxypropy1)phenyll hexamethyl t r is i loxane 

111 

5 
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2 

FH3 f H 3  
-Si-0-Si  - 

I 
CH3 

/O\ 
C H2-CH-C H2- 

CH3 

1 , 4  -bis  [ (p-epoxypropylphenyldimethylsiloxy)dimethylsilyl] benzene 

IV - 

/”\ 
C.H3 I 6 YH3 

0 -Si - 0 -Si - , 1 - C C H ~ - C H - C H ~  
I 
0 CH3 

CH3 l 
CH3 C H ~  - s i  - 

I 

8 
CH2 - 

0 

CH- CH2 

Me thyl t r i s  [p -2,  3 -epoxypr opy1)phenydime thyisiloxy] s i lane  

V - 

Severa l  key in te rmedia tes  w e r e  common to each of these  epoxysil icones 

and consequently synthesis  p rocedures  developed f o r  these  in t e rmed ia t e s  

w e r e  of gene ra l  utility. Undoubtedly, the m o s t  impor tan t  of these  i n t e r -  

med ia t e s  w e r e  p-allylphenyldimethylethoxy silane (VI) ,  the analogous 

chlorosi lane (VII)  and the m e t a  i s o m e r s  of  these  compounds.  

s t r u c t u r e s  and methods of synthes is  a r e  i l l u s t r a t ed  below: 

Thei r  

Mg B r  G 2 - C H =  CH2 

C3H5Br 

E t h e r ,  35°C 
- * 

B r  B r  
68 -80% 

0 Mg Q E t h e r ,  35°C 
B r  

S tep  1 Step 2 
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CH2-CH=CH2 

0 
Br 

c 1  
I 

H 3 C S i - C H 3  

VI1 - 6 

0 - 

(CH3)2 SiC12 

4-fold excess- 
C H 2 - C  H= CH2 

45% 

C H2-CH= CH2 

VI 
CH3)2 Si(OC2H5) C1 

MI3 
tetrahydrofuran 

6 6 ° C  

2-fold excess * Step 3 

H3C-Si -CH3 
I 
OCZH5 

50-60% 

Step 4 - 

In the f i r s t  s t ep  of this  p r o c e s s ,  e i ther  meta- o r  p a r a -  

dibromobenzene m a y  be used. 

ove r  the para i s o m e r  in that i t  i s  a liquid readi ly  soluble in  e the r  and 

thus is m o r e  convenient to monitor  into the reac t ion  mixture .  Low 

solubili ty of the pa ra  i s o m e r  in e the r  r e n d e r s  i t  l e s s  convenient to use ,  

par t icu lar ly  in  l a rge  sca l e  prepara t ions ;  however,  i t  can  be added in 

small port ions in the  solid s ta te .  

genera l ly  been about 70  f 10 percent ,  although lower yields  w e r e  

observed when difficult ies w e r e  encountered in keeping the reac t ions  
under  control  due to excessively rapid addition r a t e s .  The r e f r ac t ive  

index of the para-al lylbromobenzene ( n i 3 )  was  1. 5522 and the boiling 

point was  62°C a t  3 t o r r ,  80°C a t  5-6 t o r r ,  96°C a t  14 t o r r ,  and 

117°C a t  35 t o r r .  

shown in F i g u r e s  1-1 and 1-2 respect ively.  

The me ta  i s o m e r  h a s  an  advantage 

Yields f r o m  these reac t ions  have 

In f r a red  spec t r a  of the me ta  and pa ra  i s o m e r s  a r e  

Conversion of the allylbromobenzene to allylphenylmagne s ium 

bromide  ( s t ep  3) was general ly  c a r r i e d  out i n  te t rahydrofuran because 

the react ion is  r a t h e r  sluggish and gives  much poorer  yields  in ethyl 

e ther .  After  prepara t ion ,  the Gr ignard  reagents  w e r e  added dropwise 

7 



WAVENUMBER C M - '  

WAVELENGTH IN MICRONS 

F i g u r e  1-  1. I n f r a r e d  spec t rum of m-bromoallylbenzene.  

WAVENUMBER C M - '  

WAVELENGTH IN MICRONS 

F i g u r e  1-2.  In f r a red  spec t rum of p-bromoallylbenzene.  
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to excess  quant i t ies  of e i ther  dimethyldichlorosilane o r  dimethyl-  

chloroethoxysilane.  With a fourfold mola r  excess  of dimethyldichloro - 
si lane a yield of 43  percent  of allylphenyldimethylchlorosilane was  

obtained, whereas  with the dimethylchloroethoxysilane yields of 50 to 

60 percent  w e r e  obtained when the ethoxy compound was used in  a two- 

fold excess .  The use  of the ethoxy compound does,  however,  have a 

disadvantage in  that i t s  purification is  difficult. 

nated with both the dichlorosi lane f r o m  which i t  i s  made and with dimethyl 

diethoxysilane.  

of dime thyldic hloro s i lane a s i l lus t ra ted  below 

It is  general ly  contami-  

F u r t h e r m o r e ,  i t s  synthesis  by the par t ia l  e thanolysis  

(CH3)2 SiC12 t C2H50H+ (CH3)2 Si(OC2H5)C1 

is wasteful,  s ince  yields w e r e  about 40 pe rcen t  when a 3OC boiling range 

was  col lected,  50 percent  when a 12°C boiling range was  col lected,  and 

67 percent  when a 20°C boiling range was  collected.  The apparent  

boiling point of the pure  compound is about 90°C a t  a tmospher ic  p r e s s u r e .  

m-Allylphenyldimethylethoxysilane prepa red  f r o m  dimethyl-  

I t s  r e f r ac t ive  chloroethoxysilane d is t i l l s  a t  95 * 5°C a t  five t o r r .  

index var ied  between 1 .49  and 1. 50 a t  ambient  t empera tu re ,  due to the 

var ia t ion in the amount  of m-allylphenyldimethylchlorosilane which i t  

contains,  s ince  the chlorosi lane has  a re f rac t ive  index (,:)of 1. 5139. 
This  contamination is, of course,  of little concern since both c o m -  

pounds hydrolyze to the same  disiloxane. I t  has  been noted tha t  when 

the ethoxysilane was  t r ea t ed  with ethanol p r i o r  to  dis t i l la t ion,  the 

chlorosi lane there in  was e s t e r i f i ed  and the foaming problem,  which 

was  a lways  encounte r ed  during dis t i l la t ion,  was  d r a  s t ical ly  reduced. 

In f r a red  spec t r a  of both the m e t a -  and para  -allylphenyldimethyl- 

e thoxysi lanes  a r e  shown in F igu res  1-3 and 1-4  respect ively.  

m-allylphenyldimethylethoxysilane with a re f rac t ive  index ( n  

1. +919 gave the following r e su l t s :  

An e lementa l  ana lys i s  which was  c a r r i e d  out on a sample  of 
23 ) of 
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WAVENUMBER CM-' 

WAVELENGTH IN MICRONS 

F i g u r e  1 - 3 .  Inf ra red  spec t rum of m -allylphenyldimethylethoxysilane. 

WAVENUMBER CM-' 

WAVELENGTH IN MICRONS 

F i g u r e  1-4. Inf ra red  spec t rum of p-allylphenyldimethylethoxysilane. 
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P e r c e n t  C P e r c e n t  H P e r c e n t  Si 

0 b se r v e  d 68.55 9.07 12.19 

Calculated 70.96 9. 16 12.77 

A sample  of the homologous pa ra  i s o m e r  f r ee  of halosilane boiled at  

about  100°C a t  9 t o r r  o r  70-75°C at 0 . 2  t o r r  and  had a re f rac t ive  index 

(n",') of 1.4965. 

Both allylphenyldimethylchlorosilane and allylphenyldimethyl - 
ethoxysilane a r e  suitable for  the prepara t ion  of d i -  and poly-siloxanes. 

Hydrolys is  of e i ther  compound produces  d i m e r  as  shown below: 

-0- Ai CH3 -0- ! i H L o - C H 2 - C H =  CHZ 

2 I I 
CHZ = CH - CH 

CH, CH3 

Both the m e t a  and p a r a  substi tuted disiloxanes can be dis t i l led 
under  high vacuum. 

0.003 t o r r  a n d  a t  150-155°C a t  1 . 3  torr, whereas  para isomer has 

been collected a t  130-140°C a t  0.010 f 0.006 t o r r  and at 120-130°C 

at 0. OQ2 t o r r .  The re f rac t ive  index of the me ta  i s o m e r  ( n y )  was  

a lways  1.5208 f 0.0009 and  that of the pa ra  i s o m e r  w a s  1.5206 f 0.0006.  

At l ea s t  t h r e e  independent values ,  f r o m  different  p repa ra t ions ,  w e r e  

obtained on each  of these compounds.  

disi loxanes a r e  shown i n  F i g u r e s  1-5 and, 1-6. 

The meta isomer has been collected at 130°C at 

In f r a red  s p e c t r a  of both i s o m e r i c  

11 
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WAVELENGTH IN MICRONS 

F i g u r e  1-5. Inf ra red  spec t rum of 1 ,  3-bis(m-al lylphenyl)-  
t e t r a m e  thyldisiloxane. 

WAVENUMBER CM-' 

100 650 5000 4000 3000 2500 2000 1500 1400 1300 1200 1100 1000 900 800 

too 100 

90 90 

80 80 

10 10 
60 60 

5 0  50  

4 0  4 0  

30 30 

20 20 

I O  I O  

0 0 

2 3 4 5 6 7 8 9 IO II 12 13 14 I5 16 

WAVELENGTH IN MICRONS 

F i g u r e  1-6. Infrared spec t rum of 1, 3-bis(p-al lylphenyl)-  
te t ramethyldis i loxane.  
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Elementa l  ana lyses  c a r r i e d  out on two independently synthesized 

samples  of the me ta  substi tuted disiloxane supported the proposed 

s t ruc tu re .  The r e su l t s  of these ana lyses  w e r e  a s  follows: 

P e r c e n t  C P e r c e n t  H P e r c e n t  Si 

C1961-68F1 72 .43  8. 14 13.48 

C1961-42B 71.14 8. 14 15.22 

Theore t i ca l  72.20 8 . 2 6  15.35 

Epoxidation of the bi s (allylpheny1)te t r a m e  thyldi si loxane s was 

c a r r i e d  out with f resh ly  p repa red  t r i f luoroperace t ic  ac id  as i l l u s t r a t ed  

below: 

CH CH3 

CH3 CH3 

0 
II o-& -0-bi a - C H 2 - C H =  CH2 

C F 3  C-0-OH t CH2 = CH-CH2- - I I 

I Na2C03 

I 400c  

CH2C12 

0 
H2C- / \  CH-CH2 -Q-si FH3 - O - I i 2 0 - C H 2 - C H -  / \  CH2 t C F 3  C 0 2 H  

0 

I I 

CH3 CH3 

IX 

A cons iderable  number  of epoxidation exper iments  which w e r e  
0 c a r r i e d  out'at 0-8 C proved pa r t ly  unsuccessful  in  that  the b i s  epoxy 

13 



high r a t e .  
14 

compounds which w e r e  obtained w e r e  always contaminated with f luori  - 
nated e s t e r s  resul t ing f r o m  the addition of t r i f luoroacet ic  ac id  to the 

epoxy compound a s  shown below: 

OH 
I 

CF3-C02H t CH2-CH-CH2- -CF 3 -CO2-CH2-CH-CH2-- 

These  e s t e r s  could not be removed readi ly  by vacuum disti l lat ion.  

Evidence for this  reac t ion  came  f r o m  in f ra red  spectroscopy.  
-1 

can  be a t t r ibu ted  to  C - F  absorp t ions  and this  was  v e r i -  

Absorpt ion peaks observed  in  many of the epoxysil icones a t  1170 c m  

and  1200 c m  

fied by the de l ibera te  addition of t r i f luoroace t ic  ac id  to a sample  of 

the epoxy sil icone. 

groups  and  absorp t ion  a t  3300 c m  

( s e e  F igu re  1-7). 
ai-e c a r r i e d  out in  refluxing methylene chlor ide (40°C).  

addition of t r i f luoroace t ic  ac id  to  the epoxysil icone a l s o  ver i f ied the 

a s s ignmen t  of absorp t ions  a t  965 c m  

groups.  

addition even though only p a r t  of the epoxy groups  w e r e  being destroyed.  

This  observat ion was  ve ry  impor tan t  because all of the genera l ly  r e c -  

ognized epoxy group absorp t ions  w e r e  masked  by S i - 0 ,  S i - 0 ,  Si-CH3 

and o ther  groups.  

-1 

-1 Absorpt ion a t  1770 c m  is a t t r ibu ted  to  the carbonyl  
-1 

is  a t t r ibuted to the hydroxyl group 
Al l  of these  absorptions a re  absent when the epoxidations 

The de l ibera te  

-1 -1 and 752 c m  to the epoxy 

These  absorp t ions  vir tual ly  d isappeared  a s  a r e su l t  of the 

Contamination by f luo roes t e r  was  cons idered  s e r i o u s  because i t s  

F u r  - r emova l  by molecular  dis t i l la t ion was  not readi ly  accomplished.  

t h e r m o r e ,  epoxy s i l icones containing f luo roes t e r  often polymerized 

into viscous fluids during a t tempted  disti l lat ion.  

to the l ibera t ion  of t r i f luoroace t ic  ac id  which ac ted  as  a polymerizat ion 

ca ta lys t  a t  the elevated t e m p e r a t u r e s .  

methylene chlor ide below 8OC tended to yield solutions which w e r e  

acidic  to d r y  wide range indicator  paper .  

lent  t e s t  technique. Oddly enough, moi s t  indicator paper  did not 

necessa r i ly  show this  acidi ty .  

pe ra tu re  epoxidations w e r e  thus a t t r ibu ted  to the fa i lure  of the suspended 

carbonates  to a b s o r b  spent ac ids  in  the reac t ion  mixture  a t  a sufficiently 

This  was  a t t r ibu ted  

Epoxidations c a r r i e d  out in 

This  proved to  be a n  exce l -  

P r o b l e m s  encountered with low t e m -  
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F i g u r e  1-7  
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In f r a red  spec t rum of impure  bis(p-epoxypropylphenyl) - 
te t r a m e  thyldi siloxane. (C 242 5 - 5 4 F  -2 ) . 

dations c a r r i e d  out a t  40°C w e r e  always f r e e  of C - F ,  

C=O, and OH absorpt ions.  

ace t i c  ac id  was necessa ry  a t  the elevated t empera tu re  as long as  

sufficient carbonate  was p re sen t ,  whereas  i n  the lower t empera tu re  

epoxidations excess  perac id  was  always ve ry  de t r imenta l .  

F u r t h e r m o r e ,  the use  of excess  t r i f l uo rope r -  

Elementa l  ana lyses  c a r r i e d  out on a dis t i l led sample  of 

bis(m-epoxypropylpheny1)tetramethyldisiloxane gave the following 

resu l t s :  

P e r c e n t  C P e r c e n t  H P e r c e n t  Si 

Observed  on C1961-71F2 66. 57 7.59 14.15 

Theore t ica l  for 

'2 ZH30Si2'3 

7.60 14.11 6 6 . 3 8  

This  f rac t ion  was molecular ly  dis t i l led a t  about 90 f 10°C a t  

and  had a r e f r ac t ive  index ( n y  ) of 1.5251. The bes t  f rac t ion  of p a r a  

i s o m e r  i so la ted  f r o m  a low t empera tu re  epoxidation had the following 

ana lys i s :  

t o r r  
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P e r c e n t  C P e r c e n t  H P e r c e n t  Si 

Observed  on C2425-54F2 68 .29  7.  87 15.36 

Theore t ica l  fo r  

C22H30si203 

66. 38 7.60 14.11 

Th i s  f ract ion was  dis t i l led at 100-125°C a t  5 X t o r r  and had a 

re f rac t ive  index ( n y  ) of 1. 5162. 

disi loxane isolated f r o m  a n  epoxidation which w a s  c a r r i e d  out at 40°C 

and i n  which the theore t ica l  amount  of perac id  w a s  used  had the 

following analysis :  

An undisti l led sample  of bi s (p  -epoxypropylphenyl)te t ramethyl -  

Observed  on C1961-97B 14.86 pe rcen t  Si 

Calculated for  C H Si 0 14. 7 3  percent (50 percent 
2 2  30 epoxidized) 

Calculated f o r  C22H30Si203 14.11 percent  (100 percent  
epoxidized) 

An in f r a red  spec t rum of this  product  showed that  it  was  f r e e  of 

I t s  equivalent weight was  found to be 401 C - F ,  C=O, and OH groups.  

r a t h e r  than 200 as  calculated and thus it  appea red  to  have only 50 p e r -  

cent  of its a l ly l  groups epoxidized. 

ana lys i s .  I t  w a s  thus concluded that,  whereas  epoxidations c a r r i e d  

out a t  40°C produce epoxy compounds with vir tual ly  no f luo roes t e r  

contamination, they m u s t  be c a r r i e d  out in  the p re sence  of a significant 

e x c e s s  of  perac id  to  achieve complete  epoxidation. 

e x c e s s  could not be tolerated below 10°C.  

Th i s  w; , supported by the e lementa l  

Such a perac id  

Epoxidations at 40°C have subsequently been c a r r i e d  with 50 

pe rcen t  and  100 percent  theore t ica l  excess  of perac id  without producing 

products  contaminated with t r i f luoroacet ic  acid-epoxy addition c o m -  

pounds. 

those containing 100 percent  excess  perac id  and  a sodium carbonate /  

t r i f luoroacet ic  anhydride r a t io  of about 1. 5. 

epoxidations a r e  the following: 

React ions which produced the m o s t  complete  epoxidation w e r e  

Resul t s  of s e v e r a l  typical 
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8 
8 

I 
R 
I 

1 
8 
8 

Expe r imerit 
Number 

C l96  1-97 

C 1 96 1 -97B 

D1516 -4 

C196 1-98 

D1516 -5 

D1516-6 

D1516-7 

Theore t ica l  
E x c e s s  Pe rac id ,  

percent  

0 

0 

50 

50 

100 

100 

100 

Carbonate  1 Anhydride 
Mole Ratio 

3 .0  

3.2 

3 .0  

3.0 

3 .0  

2 . 0  

1 . 5  

* Eq. W t .  

440 

40 1 

367 

333 

295 

232 

217 

P roduc t  
Yield, 
pe rcen t  

69  

100 

72 

57 

67 

85  

23 
"D 

1.5245 

1.5245 

1.5248 

1.5260 

1. 5270 

1. 5268 

*theoretical value 200 

An in f r a red  spec t rum of the bis (p -epoxypropylphenyl) te t r a  - 
methyldisiloxane (D1516-6) is shown in F igu re  1-8. 
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WAVELENGTH IN MICRONS 

F i g u r e  1-8. I n f r a r e d  s p e c t r u m  of 1, 3-bis(p-epoxypropylphenyl)- 
te t ramethyldis i loxane.  

Die lec t r ic  p rope r t i e s  of a m i n e  cu red  samples  of both m e t a -  and 

para -bi s (epoxypropylpheny1)te t ramethyldis i loxane have be en measu red .  

The f i r s t  s e t  of t e s t s  (C1961-76 and 77) w e r e  on epoxy compounds fo r  
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which the equivalent weights w e r e  unknown and which consequently w e r e  

a s sumed  to have the theore t ica l  value although they undoubtedly had 

higher values .  

However,  due to  the s t r u c t u r a l  s imi l a r i t y  of the diallyl  and the  diepoxy 

compounds,  t hese  ana lyses  w e r e  not a sufficiently good indicator  of the 

actual  deg ree  of epoxidation. 

cured  completely w e r e  those  which a l so  contained a fract ion of 

2,2-bis(p-epoxypropoxyphenyl)propane (Shell Chemica l  Co. - Epon X-24). 

In subsequent exper iments ,  analyzed equivalent weights were  used in 

mos t  c a s e s ,  except  fo r  compara t ive  purposes  ( s e r i e s  C2425-70 and 80). 

The  composition of t hese  cured  epoxysil icones a r e  presented in Table  1-1 

and the i r  d i e l ec t r i c  p rope r t i e s  a r e  l is ted in Table  1-2. 

Elementa l  ana lyses  w e r e  acceptable  on these  materials. 

The only samples  in this  f i r s t  s e r i e s  which 

A m l W  

W a g h t  
( g r a m s )  

5 7A 

4. 3A 

3. 4 5 A  

5. 70A 

4. 3OA 

0.81B 

0. 47B 

0. 50B 

0. 49B 

0.49B 

0. 59B 

0. 59B 

0.27B 

Specimen 
Number 

Z1961-76-3 
- 

- 4  

-5  

- 6  

-7  

- 8  

c2425-70-2 

-70-1 

-80-1 

-80.2 

- 8 0 - 3  

-80-4 

-79-4 

~ 

Eq. 

0. 0 5 0  

0.0375 

0 . 0 3 0  

0. 050 

0.0375 

0.030 

0. 019 

0 . 0 2  

0.018 

0.018 

0. 022 

0 . 0 2 2  

0. 010 

Epoxysilicar3 
Number - 

C1961-75 

-75 

-75  

c2425-54  

-54 

-54  

C1961-86 

-86 

C1961-91 

-91  

-9 1 

-91 

C1961-90 

some** - - 
M 

M 

M 

P 

P 

P 

P 

P 

P 

P 

P 

P 

- 

E m x v  Silicone . ,  - 
Weight 
g r a m s ]  

5. 0 

- - 

5. 0 

3. 0 

5. 0 

5. 0 

2.  DO* 

3. 82 

4. 0 

5. 02 

5. 02 

3. 07 

3. 07 

4. 67 

- 

- 
Eq. - 

0. 025" 

0.025" 

0. 0151 

0.0251 

0.025" 

0. 010" 

0. 0191 

0 014*( 

0. 01818 

0. Ol8*{ 

0. 01 1*( 

0.011': 

0.010*: 

- 
*Baaed on theore t ica l  equivalent welghts. 

*Silica microballoons - Eccospheres  SI dr ted  a t  250'C. 

**Based on analyzed equivalent weights. 

Eoon X-24 - 
Weigh1 
(grams 

4. 2 

- - 

2.  I 

2.  52 

4. 2 

2. I 

3.  40 

1. 87 

1. 87 

- 

~~ - 
Eq. - - 

3. 0 2 5  

3.012 

3. 015 

3. 025 

3 . 0 1 2  

3.020 

- 

1 , 0 1 1  

1 ,011  

F i l l e r '  

Weight 
g r a m s )  - - 

1. 40 

0. 97 

0. 98 

C u r e  

24  hours at 100.C 

24  hours  a t  100' C 

24 hours  a t  100.C 

24 hours  a t  100'C 

24 hours  a t  100' C 

16 hours  a t  8O.C-  
N then 3- l /2hours  
atz100. 

17 hours a t  85'C 
4 hours  a t  1OO'C 
tn NZ 

60 houra a t  85' C 
3. 5 hours at 100. C 
~n N2 

16 hours  a t  8O'C  
8 hours a t  100' C 
m N2 

16 hours  a t  8O'C 
8 hours a t  100'C 
in NZ 

16 hours a t  8O'C 
8 hours  a t  100' C 
~n N2 

16 hours  a t  8O'C 
8 hours  a t  100' C 
~n N 

16 hours  a t  85 'C 
4 hours  a t  100°C 
in N 

A = N-methylaniline formaldehyde 

B = m-phenylenediamine 

**M or P designate met3  or para i s o m e r  of bis(epoxypropy1phenyl)tetramethyldleiloxan~. Not applicable to 79-4 

A = N-methylaniline formaldehyde. 

B = m-phenylenediamine. 

Comments  

Hard .  softened some 
when hot 

Tough rubber 

Hard .  tough.softened 
some when hot 

Hard-dark  f i lm on 
top 

Hard-dark  fi lm on 
top 

Hard opaque solid 

Crumbly .  too much 
filler 

Rigid tan 

C l e a r  a m b e r  flexible 
d isc  

Light tan rigid d isc  

Cured  sample  not 
completely 
homogeneoua 

Only 50 percent  
filled due to flotation 

Flexible d i s c  

Table  1-1. Composition of var ious  cured  epoxysil icones.  
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~~ I I Dielectric Constant I Dissipation Factor .  Pe rcen t  

Specimen 

3. 2 

3. 9 

4. 0 

3. 2 

3. 3 

3. 6 

3. 8 

2. 3 

2. 5 

3. 2 

3. 4 

3. 9 

3. 0 

2. 9 

3. 6 

3. 8 

100.C 

5. 4 

- - 

3. 9 

4. 9 

6. 7 

3. 2 

4. 0 

6. 3 

4. 4 

I 
It 100 kc a t  I kc 

- 
h t  100 kc 

2 5 .  c 

2.  3 

2.  6 

2 . 2  

1. 0 

1. 6 

1. 8 

- 
- - 

Volume Resistivity. m e p h m - c m  
a t  500 VDC 

25.C 50'C 

1.72 x 108 

2.  63 lo5 

1 . 2 2  x 108 

7. o lo7 

7. o x lo7 

2 . 9 8  lo7 

4 lo7 2 lo6 

3 lo7 1 106 

2 lo7 3 lo6 

3 lo7  2 l o 6  I 2 x IO8 2 x 106 

Epoxy silicone 
to 

Epon Ratio** X-24 

1: I 

2:  1 

1: 2 

1: 1 

2 1  

1: 1 

*P refer. to the para  i somer  of bi . (epoxypropylphenyl ) te tramethyldi~ i l~x~~.  wherean M refer. to the met= isomer 
**All epoxici were formulated on .toichiometrically equivalent barnis with the various amines. 

TReevduatcd &Iter the elevated temperature  tests were complete. 

Table  1-2. Dielec t r ic  p rope r t i e s  of var ious  epoxysil icone 
Har t sho rn  type specimens.  

It is  m o s t  impor tan t  to note h e r e  that the epoxidation p r o c e s s  had 

not been optimized at the t i m e  m o s t  of the d ie lec t r ic  t e s t  d a t a  was  

obtained. Thus ,  although relat ively good dis t i l led f r ac t ions  of epoxy 

compounds w e r e  studied, the d ie lec t r ic  t e s t  da ta  probably does  not 

r e p r e s e n t  the opt imum die lec t r ic  potential  of t hese  ma te r i a l s .  

An examinat ion of th i s  d ie lec t r ic  p rope r ty  d a t a  shows that  the 

bes t  sample  of cu red  bis(epoxypropylpheny1)tetramethyldisiloxane was 

C2425-70-1 .  I ts  d i e l ec t r i c  constant at 1 kc var ied  f r o m  3. 4 to 4. 4 in 

the 25" - 100' C t e m p e r a t u r e  range  while its diss ipat ion fac tor  var ied  
f r o m  1 to  3. 8 percent .  

of silica microbal loons (Eccosphe res  SI) (C2425-80-2)  had d ie l ec t r i c  

cons tan ts  which var ied  f r o m  2. 3 to  3. 2 between 25O and 100°C 

and diss ipat ion f ac to r s  which var ied  f r o m  2. 0 to  10. 9 percent  within 

th i s  t empera tu re  range o r  f r o m  2. 0 to  4. 6 percent  between 25" and 50"  C 

It  is the f i rm belief of th i s  invest igator  that  significant reduct ions in 

diss ipat ion f a c t o r s  would be noted on epoxysil icones with equivalent 

weights c l o s e r  to the i r  theoret ical  values.  

by p rocedures  descr ibed  herein.  

Analogous r e s i n  filled with 15 percent  by weight 

Such m a t e r i a l s  can be made  
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Siloxane Copolymers  

H 2 0  

Allylphenyldimethylchlorosilane and allylphenyldimethylethoxy- 

s i l anes  a r e  a l s o  useful in cohydrolysis  reac t ions  with o ther  ch loro-  o r  

ethoxysilanes.  

of higher  molecular  weight allylphenylsiloxanes.  T h r e e  such reac t ions  

which w e r e  c a r r i e d  out in  the Hughes l abora to r i e s  include the cohydrol-  

ys i  s of p - allylph enyld imethylethoxys i lane with methylt  r iethoxysilane , 
with dimethyldiethoxysilane,  and with 1, 4-bis(dimethylethoxysilyl)benzene. 

These  reac t ions  are  i l lus t ra ted  below: 

Such cohydrolyses  m a y  be  used to  produce va r ious  types  

. 

C H 3 S i ( O C 2 H 5 ) 3  

X - 

H 2 0  

YCZH5 

OC2 H5 

3 H  C - S i  - C H  
3 1  

C H 3  C H  

H 5 C 2 0 + i  -Q-ii i 0 C 2 H 5  

C H 3  C H 3  

YCZH5 
H  C - F - C H 3  

H 2 0  

C H Z C H  -71 = C H  

XI1 - 
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Cohydrolysis  reac t ions  do not ,  of c o u r s e ,  yield s ingle  compounds as 

products ,  but r a t h e r  yield mix tu res  of allylphenylsiloxanes.  E a c h  reac t ion  

product  contained bis(allylpheny1)tetramethyldisiloxane and lower boiling 

cyclosi loxanes as well as the des i r ed  cohydrolysis  products .  

purpose of t h i s  p r o g r a m ,  only the  lower  boiling cyclosi loxanes needed to 

be removed p r i o r  to  epoxidation and polymerization. Studies  w e r e  made  

never the less  t o  de t e rmine  the s t r u c t u r e  of high bo i l e r s  after removal  of 

the  b i s  (allylpheny1)tetramethyldisiloxane. Analysis  of the  b i s  (allylphenyl) 

pol yd ime thy1 s i loxane (aft e r epoxid at ion) showed tha t  the  'Inon -volati le" 

cohydrolysis  product  XI  contained on the ave rage  a little m o r e  than t h r e e  

dimethylsiloxy repeat ing units.  

F o r  the 

The r e s u l t s  w e r e  as follows: 

P e r c e n t  S i  M. W. 
>:c 

Calculated fo r  C28 H48 Si5 04. 23. 52 597 

Observed  21. 96  572 

Calculated.  f o r  C26H42Si403 .  55* 21. 48 523 . 

The equivalent weight of th i s  epoxy compound was found to be 1089 and 

thus  it turned out to  have only 25 percent  of its a l ly l  groups epoxidized. 

Due t o  te rmina t ion  of the p r o g r a m ,  however ,  the  reac t ion  could not be 

studied fur ther .  A significant portion of the  dimethyldiethoxysilane used 
in th i s  cohydrolysis  ended  up as cyclosiloxane and was removed by vac- 

uum disti l lat ion.  

In the  cohydrolysis  of p-allylphenyl-dimethylethoxy silane with 

methyl t r ie thoxysi lane the  "non-volatile" si loxane which was isolated 

appeared to  be p r i m a r i l y  a n  incompletely hydrolyzed t r i s i loxane  X. 
Analys is  of th i s  undistilled high boiling f rac t ion  gave the  following 

resu l t s :  

*Frac t iona l  units are  used h e r e  because  the compound was 
incompletely epoxidized. 
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Observed 
(und i st i l led product)  Disti l led Calculated fo r  Observed  

F rac t ion  8 5 P  '27 H44Si5 O 6  Frac t ion  8 5 F 4  

70 Carbon 53. 03 53 .59  55.45 

70 Hydrogen 7. 64 7. 33 7. 68 

70 Silicon 23. 34 23. 2 1  

The p resence  of unreacted ethoxy groups in the product was not expected 

although the hydrolysis  was c a r r i e d  out under v e r y  weakly acidic  con-  

ditions. The  react ion thus war  r an t s  r e  -examination using m o r e  vigorous 

hydrolysis  conditions. The m a j o r  port ion of the react ion product  d i s -  

tilled at about 165" C at 

1. 49 43 and was p r i m a r i l y  the b is  (p- allylp henyl) t e t  ramethyldisiloxane. 

t o r r ,  had a r e f r ac t ive  index (n ,Z3)  of 

In the  cohydrolysis  of p-allylphenyldimethylethoxysilane with 

1 ,4 -b i s  (dimethylethoxysily1)benzene a non -volati le s i loxane was  obtained 

which a f t e r  epoxidation had an  equivalent weight of 491. The  theore t ica l  

value is 287. Elementa l  ana lyses  could not be obtained as a r e s u l t  of the  

terminat ion of the program.  Apparent ly ,  the epoxidation was  only 58 p e r -  

cen t  complete.  Never the less ,  when the epoxy compound was  r eac t ed  

with an  equivalent amount of m-phenylenediamine,  it cured  to  a flexible 

tough e l a s tomer  when heated at 100" C in nitrogen f o r  two days ,  then in  

air fo r  2-  1 /2  days.  A s imple  flexibil i ty t e s t  c a r r i e d  out at about -70" C 

showed the e l a s tomer  to  be  tough and nonbri t t le  at th i s  t empera tu re .  

Opt imum epoxidation p r o c e s s e s  had not been developed at the t i m e  

the t h r e e  previously descr ibed  copolymers  were  epoxidized. The p r o c e s s  

ul t imately developed for  the epoxidation of the b i s  (allylpheny1)tetramethyldi - 
si loxanes,  namely ,  the use  of 100 pe rcen t  excess  pe rac id ,  epoxidation 

t e m p e r a t u r e s  of 40" C ,  and sodium carbonate/trifluoracetic anhydride 

m o l a r  ra t ios  below 2, would cu r ren t ly  be recommended.  

2 2  
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EXPERIMENTAL 

Synthesis  of p-Bromoallylbenzene (D 115 1-28) 

To  a s l u r r y  of d r y  magnes ium (245 g . ,  10 moles )  i n  anhydrous 

e the r  (6. 4 1) was gradual ly  added, in s m a l l  por t ions ,  solid 

p-dibromobenzene (2360 g. , 10 moles )  after the reac t ion  was  ini t ia ted 

with a small amount  of e thylmagnesium iodide. The  reac t ion  f l a sk  was 

cooled i n  a n  ice wa te r  bath throughout the reac t ion  to  main ta in  control ;  

however ,  ref lux was maintained by carefu l ly  monitor ing the  r a t e  of 

dibromobenzene addition. In th i s  manner ,  the  addition was completed 

within 2 -1 /2  hours .  Reflux was  then continued for  one hour  by a n  aux-  

i l i a r y  heat  source .  

Allyl b romide  (1295 g., 10.7 moles )  i n  anhydrous e t h e r  (1  1) w a s  

then added slowly t o  the  Gr ignard  reagent  at a r a t e  which permi t ted  

controlled reflux. Upon completion of th i s  reac t ion  the  reac t ion  mixture  

was caut iously poured ove r  acidified ice.  The e the r  phase  was then sep -  

a ra t ed  and the  aqueous phase  was washed with f r e s h  ether .  Combined 

e ther  l a y e r s  w e r e  then disti l led.  The  p-al lylbromobenzene (1534 g. , 7 8  

percent )  was collected at 60-63" C and t h r e e  t o r r .  

Synthesis  of m -B r omoallylbenzene (C 2 42 5 - 48) 

A solution of m-dibromobenzene (571 g. , 2. 42 moles)  in  absolute  

e the r  (200  ml) was gradually added to  a s l u r r y  of magnes ium (60 g. , 
2. 5 moles )  in  absolute  e the r  (200 ml) a f t e r  initiating the  reac t ion  with 

iodine and ethyl iodide. 

over  the  mixture  was  heated at ref lux f o r  1 hour  using an  auxi l ia ry  

hea t  source.  Allyl b romide  (300 g . ,  2.5 moles )  was  then added dropwise  

to  the reac t ion  mixture  at such a r a t e  as to  maintain control .  When t h e  

addition was completed,  heating was maintained f o r  1 / 2  hour. The 

reac t ion  mixture  was cooled,  then poured ove r  a mix tu re  of hydrochlor ic  

acid and ice.  Separa t ion  of the two phases  yielded an  e ther  phase  which 

was washed with water  and dr ied  ove r  calcium sulfate.  F r a c t i o n a l  d i s -  

t i l lat ion of the e the r  solution yielded 335 g. o r  70 pe rcen t  of 

m-al lylbromobenzene(B.  P. = 117" c). 

Af ter  the exothermic  phase  of the  reac t ion  was 

35 
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Synthesis  of Dimethylethoxychloro s i lane  (C 2425 - 58) 

Anhydrous ethanol (276 g . ,  6 mo les )  w a s  added dropwise to 

dimethyldichlorosi lane ( 1032 g. , 8 moles) .  

the mixture  was heated at ref lux fo r  one hour  and was then disti l led.  

Unreacted dichlorosi lane (125 g. ) was recovered  at 58-62" C. Then 

seve ra l  o ther  f rac t ions  were  col lected,  namely  

When the react ion subsided 

11 89 g 76 -82°C 

111 66 g 82 -89°C 

IV 299 g 8 9 - 9 5 ° C  

v 100 g 95 -97°C 

The l a t t e r  two f rac t ions  r e p r e s e n t  2. 90 moles  o r  36 percent  of 

the0  r e t ic al. 

Synthesis  of m -Allylphenyldimethylethoxysilane (C 2425 -49B) 

m - B  romoallylbenzene (250 g. , 1.27 moles )  w a s  dissolved in 

anhydrous te t rahydrofuran  (400 ml) and the solution was  then gradually 

added to  a s l u r r y  of magnes ium (34g. , 1.42 moles )  in anhydrous t e t r a -  

hydrofuran. The  addition took about 1 hour a f te r  the  react ion had been 

init iated with iodine and ethylmagne s ium iodide. When the addition was  

completed the mix tu re  was  heated at re f lux  f o r  one hour. This  Gr ignard  

solution then was added gradual ly  to dimethylchloroethoxysilane (294 g. , 
2. 13 moles )  while keeping the reac t ion  cool with a n  i c e  bath. 

addition was  complete  the reac t ion  mix tu re  was heated at ref lux f o r  

one hour ,  then diluted with pe t ro leum naphtha. 

f ract ional ly  d i s t i l l e d  to yield (1) 147 g. of pu re  product  (b. p, 5 = 9 0 -  100" C ,  
23 

n D  
forerun .  This  f rac t ion  weighed 27 g. , had a boiling point of 85- 110" C 

23 
at 5 t o r r  and a r e f r ac t ive  index of n D  

(0. 79 mole)  of product  r e p r e s e n t s  62 percent  of the theore t ica l  yield. 

When the 

It was  then f i l t e red  and 

= 1. 5028). Another f rac t ion  was recovered  by redis t i l la t ion of the  

= 1. 5040. The  combined 174 g. 

24  
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Synthesis  of p-Allylphenyldimethylethoxysilane (C 1961 -82) 

p-Allylbromobenzene (332 g. , 1. 68 moles)  in  an equal volume of 

d r y  te t rahydrofuran was added dropwise,  with constant s t i r r i n g ,  to  d r y  

magnesium (43. 1 g, 1. 74 moles)  in 644 ml d r y  te t rahydrofuran.  

react ion was initiated with a few g r a m s  of f r e sh ly  prepared  ethylmagne-  

s ium iodide. 

even re f lux  was maintained, during addition, with an ice bath. 

addition, the mixture  was s t i r red at ref lux f o r  t h r e e  q u a r t e r s  of an  hour. 

The resul t ing Gr ignard  reagent  was decanted into a dropping funnel, 

and added dropwise,  with constant s t i r r ing ,  to dimethylethoxychlorosilane 

(451 g. , 3. 28 moles)  in an equal volume of d r y  te t rahydrofuran.  

init ial  heating, a n  ice bath had to be used to keep the react ion at even 

reflux. After  addition, the mixture  was s t i r r e d  at reflux for  two hours.  

The product was taken up in  hexane, and sol ids  were  separa ted  out by 

fi l tration. Absolute ethanol (80. 0 g. , 1. 74 mole)  was then added and 

the mixture  was  s t i r r e d  fo r  one hour at ambient  tempera ture .  

init ial  evaporation of solvent,  the c rude  product weighed 298 g. 

then disti l led under  vacuum , yielding the  following fractions:  

24  = 1. 4965 
D 1F2: 70-75" C at 0, 2 t o r r :  126. 0 g. net; n 

The 

The  mixture  had to be heated at the beginning, but then 

After  

Af te r  

After  

It was  

24  = 1. 4930 D 2F1: 60-70" C at 0. 5 t o r r ;  30. 6 g. net;  n 

2F2: 7 0 - 7 6 "  C at 0. 5 to r r ;  3 2 .  3 g. net; n D  2 5  = 1 . 9 9 9 3  

Red.istillation of 1F2 yielded the following: 

25 = 1. 5006 D 3F1: 70-73" C at 0. 5 t o r r ;  94. 3 g. net;  n 

( 'The  redis t i l la t ion of 1 F 2  was run  because of t he  p re sence  of impur i t ies ,  

as indicated in the  IR absorpt ion spectra .  ) 

Synthesis  of p-Allylphenyldimethylchlorosilane (D 115 1-29) 

To a s l u r r y  of magnesium (113. g. , 4. 65 moles)  in anhydrous 

te t rahydrofuran ( 2  kg. ) was  added p-bromoallylbenzene (833  g. , 4 .  23 moles)  

25 



at such a r a t e  that  modera t e  ref lux was maintained. The react ion was 

initiated with a s m a l l  amount  of e thylmagnesium iodide. 

pletion of the addition, ref lux was  continued f o r  one hour  using a n  

auxi l iary heat so u r  c e. 

Upon com-  

The cooled Gr igna rd  reagent  thus prepared  was then placed into 

a dropping funnel and added dropwise to  f r e s h l y  dis t i l led dimethyl-  

dichlorosi lane (2184 g, 16. 9 moles)  ove r  a two-hour period. 

was  then continued f o r  one hour  and the react ion mixture  was then 

f i l tered to remove  precipi ta ted salts. 

pet  r ol eum e the r . 
w e r e  then removed in l a r g e  p a r t  f r o m  the f i l t ra te  by disti l lat ion.  

pe t ro leum e the r  f r o m  the salt wash was  then  combined with the undistilled 

c rude  allylphenyldimethylchlorosilane and the mixture  was f i l t e red .  

S imple  disti l lat ion of the f i l t ra te  gave low bo i l e r s  and 738 g r a m s  of 
allylphenyldimethylchlorosilane (B. P. 

S t i r r ing  

These  salts were  washed with 

T e t  r ah yd r of u r an and unr  e a c  t ed d im e th  yldic hlo r o  s i lane 

The  

, 

= 7 0 -  l o o o c ) .  
5 

F rac t iona l  dist i l lat ion of the i m p u r e  product  was  then c a r r i e d  

out using a packed column. The  purified allylphenyldimethylchloro - 
s i lane  (382g.  1 8 2 m o l e s ,  n 23 = 1. 5139) dis t i l led at 102-3OC at five 

t o r r ,  This  r e p r e s e n t s  a 43 percent  yield. 

Synthesis  of Bis(p-allylpheny1)tetramethyldisiloxane by Hydrolys is  of 
D-Al lv l~henvld imethvlch loros . i lane  (D 115 1 - 3 1A): 

p-Allylphenyldimethylchlorosilane (382 g ,  1. 82 moles )  was  added 

When the react ion dropwise  to  water  (1. 5 1) while s t i r r i n g  vigorously.  

was completed the mixture  was  cooled and the  two phases  w e r e  separa ted .  

Disti l lat ion of the  disiloxane was  then c a r r i e d  out at 6 x 10 t o r r  and 

the f rac t ion  boiling between 130" and 140°C was collected.  I t  weighed 

300 g (0. 82 mole)  and represented  a 90 pe rcen t  yield. 

index ( n  F) was 1. 5209. 

- 3  

I t s  re f rac t ive  

Synthesis  of 1, 3 -Bi  s (p - allylpheny1)tet r amethyldisiloxane by Hyd roly sis 
of p-Allylphenyldimethylethoxysilane (C 242 5 - 52): 

A mixture  

gradually added 

mole ,  sample  C 

of water  (10  ml) and glacial  acetic acid (1  ml) was  

to p-allylphenyldimethylethoxysilane (74.4 g ,  0.34 

1961-73F2, b .p .  = 60-85°C). After  shaking 
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Element  

T heo r e t  ical 
pe rcen t  
Experimental 
percen t  

vigorously the two phases  w e r e  separa ted  and the upper  l aye r  was 

collected and disti l led at 0. 015 t o r r .  Two f r ac t ions  of product  w e r e  

= 130-140°C, n 2 2  = 1. 5206, r ecove red ,  t o  wit: I. 23. 7 g ,  b. P . ~ .  o15 

and 11. 
yield of product  (48. 4 g,  0. 14 mole)  r e p r e s e n t s  a 77 percent  yield. 

D 22 
D = 130-14o0C, n = 1. 5193. The  to ta l  24. 7 g, b. p. o. 015 

Si C H 

15. 35 72. 20 8. 26 

13.  48 72.  4 3  8. 14 

Synthesis  of 1, 3 -B i s (m-  allylpheny1)tetramethyldisiloxane by Hydrolysis  
of m-Allylphenyldimethylethoxysilane (C 19 6 1 - 68): 

Water  (1. 5 ml ,  0. 086 mole)  which had been slightly acidified 

(one d rop  of glacial  ace t ic  acid p e r  10 m l  wa te r )  was  added to  

m-allylphenyldimethylethoxysilane (1  6. 7 g ,  0. 07 6 mole)  with constant  

s t i r r ing .  T h e  mix tu re  was  s t i r r e d  f o r  48 hours  at room t empera tu re .  

A total  of 3. 3 g of water-ethanol  mix tu re  was  then disti l led f r o m  the  

c rude  product  at 1 a tmosphere .  

on the  product ,  s ince 1. 5 g of a f rac t ion  dis t i l led urlder vacuum 

No f u r t h e r  purif icat ion was  at tempted 

- 3  23 
D ( 3  X 10 t o r r ,  133°C) had a . r e f r ac t ive  index of n = 1. 5210, while 

that  of the  undistilled port ion was n 
23 = 1. 5208. Infrared s p e c t r o g r a m s  

w e r e  run on  both dis t i l led and undistilled products.  

Epoxidation of 1, 3-Bis(p-  allvlphenv1)tetramethvldisiloxane (C 1961 -97) 

Tr i f luoroperace t ic  acid was prepared  by the dropwise  addition of 

a solution of t r i f luoroace t ic  anhydride (106 g ,  0. 504 mole)  in methylene 

ch lor ide  (110 ml) to a s t i r r e d  mixture  of hydrogen peroxide (89 pe rcen t ,  

15. 7 g, 0. 410 mole)  in d r y  methylene chlor ide (50 ml) at a t e m p e r a t u r e  

of 0-5°C. 

The  perac id  was not  Used immedia te ly  but was allowed to set 

f o r  3 hours  during which the t empera tu re  gradual ly  r o s e  to ambient .  
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It was  then added dropwise to a s l u r r y  of 1, 3-bis(p-allylphenyl)-  

te t ramethyldis i loxane (75. 0 g,  0. 205 mole)  and anhydrous powdered 

sodium carbonate  (163 g,  1. 52 moles )  i n  d r y  methylene chlor ide 
(75 ml) while maintaining ref lux throughout the  addition and fo r  1 /2  

hour beyond. Af t e r  cooling, inorganic  salts w e r e  removed by f i l t ra t ion 

and the solvent was removed by disti l lat ion.  

then heated at about 85°C and 3 x 10 

It then weighed 54. 2 g and had a n  equivalent weight of 440. 

The  epoxy compound was 
-4 

t o r r  to remove  low boi lers .  

A second port ion of the diallyl  compound was  epoxidized 

(C1961-97B) as descr ibed  above except  that  79. 8 g (0. 218 mole) of 

diolefin,  113 g (0. 512 mole)  of anhydride,  16. 7 g (0. 410 mole)  of 

peroxide and 173 g (1. 65 mole)  of sodium carbonate  were  used. 

this  c a s e  the perac id  was  used immedia te ly  a f t e r  being prepared .  

T h e  final product  weighed 85 g and had a n  equivalent weight of 401. 

A n o t h e r  epoxida t ion  (C 1961-98) was carried out as described 

In 

above using 11, 2 g (0. 522 mole)  of t r i f luoroace t ic  anhydride,  1. 65 g 

(0. 0432 mole)  of 89 pe rcen t  hydrogen peroxide,  5. 3 g (0. 0122 mole)  

of bis(allylpheny1)tetramethyldisiloxane and 17 g of sodium carbonate .  
- 4  The epoxy compound was  heated at about 80°C and 3 x 10 

remove  volati les.  

of 333. 

perac id  was  used in  this  experiment .  

t o r r  to  

It then weighed 4. 5 g and had a n  equivalent weight 

It should be  noted that  a 50 pe rcen t  theore t ica l  excess  of 

Epoxidation of 1, 3-Bis(p-allylphenyl) te t ramethyldis i loxane (D1516-4) 
50 p e r c e n t  Excess P e r a c i d - T r i p l e  Carbonate  

Tr i f luoroace t ic  anhydride (107 g,  0. 51 mole)  i n  a n  equivalent 

volume of methylene chlor ide w a s  added dropwise to a s l u r r y  of 

hydrogen peroxide (89 percent ,  15. 8 g, 0. 414 mole)  in methylene 

chlor ide (30 ml) while keeping the  t e m p e r a t u r e  below 5°C. Af te r  

addition, s t i r r i n g  was  continued f o r  15 minutes .  

The  f r e s h  perac id  was then  added dropwise to a s l u r r y  of the 

diolefin (50 g, 0. 136 mole)  and anhydrous powdered sodium carbonate  

(162 g, 1. 53 moles )  in methylene chlor ide (200 ml) while maintaining 

reflux throtxghout the addition and f o r  30 minutes  thereaf te r ,  Salts 

28 

I 
I 
I 
I 
1 
I 
1 
1 
I 
I 
1 
I 
1 
I 
I 
1 
1 
I 
I 



I 
I ’  
I 
I 
I 
8 
I 
I 
1 
1 
I 
I 
1 
1 
8 
I 
8 
1 
I 

w e r e  then f i l t e red  out and f r e s h  carbonate  (15 g) was  added. 

15 minutes  the  carbonate  was f i l t e red  out. 

dis t i l la t ion and the  epoxy compound was  devolati l ized at 80°C and 

10 t o r r .  I ts  equivalent weight was  367. 

Af te r  

Solvent was  removed by 

-4 

Epoxidation of 1, 3-Bis(p-allylphenyl) te t ramethyldis i loxane (D15 16 -5) 
100 p e r c e n t  E x c e s s  P e r a c i d - T r i p l e  Carbonate  

Tr i f luoroace t ic  anhydride (142 g, 0. 676 mole)  in  methylene 

chlor ide (140 ml) was  added dropwise to a s t i r r e d  s l u r r y  of hydrogen 

peroxide (89 pe rcen t ,  21. 0 g, 0. 55 mole)  in  methylene chlor ide (60 ml) 

while keeping the reac t ion  t e m p e r a t u r e  at 0-5°C throughout the  addition 

and fo r  15 minutes  the rea f t e r .  

cooled dropping funnel and added dropwise  to  a s l u r r y  of bis(allylpheny1)- 

te t ramethyldis i loxane (50 g,  0. 137 mole)  and d r y  powdered sodium 

carbonate  (215 g,  2. 03 moles )  i n  methylene chlor ide (200 ml). 

react ion was  run  at reflux. 

inorganic  salts w e r e  removed by f i l t ra t ion 

was  added and s t i r r e d  in f o r  15 minutes.  

removed by fi l tration. Solvent was then removed by s imple  dis t i l la t ion 

and the epoxy compound was  heated at 70-75°C and 5 X 10 

about 12 hour s  to  remove  volati les.  

T h e  yield was  31 g (57 percent) ,  

The  cdld perac id  was  then placed in  a 

The 

Upon completion of the  reac t ion  the 

and f r e s h  carbonate  (15 g) 

Again inorganics  w e r e  

- 3  t o r r  f o r  

I t s  equivalent weight was  295. 

Epoxidation of 1, 3-Bis(p-  allylphenyl) te t ramethyldis i loxane (Dl  516-6) 
100 pe rcen t  E x c e s s  Peracid-Double Carbonate 

This  exper iment  was  c a r r i e d  out i n  the  s a m e  m a n n e r  as D1516-5 

except  that  143 g r a m s  of Na2C03 (1. 35 moles )  was  used  r a t h e r  than 

215 g r a m s .  

t r i f luoroace t ic  anhydride r a t h e r  than 3: 1 as  used previously.  

perac id  addition was  completed in  one hour by using a n  ice bath to  help 

d iss ipa te  the  hea t  of reaction. 

out at total  reflux, even though the f l a sk  was  cooled in ice .  

epoxy compound weighed 36 g r a m s  and  had a n  equivalent weight of 

232. 

Th i s  r e p r e s e n t s  2 moles  of sodium carbonate  p e r  mole  of 

The  

The  epoxidation reac t ion  was  c a r r i e d  

The  

The  yield was  67 pe rcen t  of theoret ical .  
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I 
Epoxidation of 1 , 3-Bis(p-allylphenyl) te t ramethyldis i loxane (D1516-7) 

100 Dercent Excess Perac id-One and One-Half Carbonate  
~ ~~~ ~ ~~ 

Tri f luoroace t ic  anhydride (416. 5 g, 1. 983 moles )  in  methylene 

chlor ide (400 ml) was  added dropwise to a well  s t i r r e d  s l u r r y  of 

hydrogen peroxide (89 percent ,  61. 4 g, 1. 61 moles)  i n  methylene 

chlor ide (180 ml) while keeping the reac t ion  t empera tu re  at 0-5°C 

throilghout the addition. 

dropping funnel and added dropwise to a s l u r r y  of bis(allylpheny1)- 

te t ramethyldis i loxane (147. 4 g,  0. 402 mole)  and d r y  f inely powdered 

sodium carbonate  (315 g, 2. 97 moles )  in  methylene chlor ide (600 ml). 

Th i s  took about 1 - 1 / 4  hour during which time to ta l  ref lux was  

maintained even  though the f l a sk  was  being cooled externally.  Upon c o m -  

pletion of the  react ion the inorganic  salts w e r e  removed by f i l t ra t ion,  washed 

The  cold perac id  was  then  placed in a cooled 

, 
I 

with methylene ch lor ide ,  and the combined f i l t r a t e s  w e r e  t r ea t ed  with 
addi t ional  carbonate (approximately 50 g) fo r  15 minutes  and ref i l tered.  

Solvent was then removed by s imple  dis t i l la t ion and  the epoxy compound 

was  heated overnight at 75 f 5°C at 10 

volati les.  The product  weighed 137 g r a m s  and had an equivalent 

- 3  
t o r r  to remove  r e s idua l  

weight of 217. Yield, 85  percent ;  n h3 = 1. 5268. 

Cohydrolysis  of p-Allylphenyldimethylethoxysilane and Methyltriethoxy- 
s i lane (C 1961-85) 

An aqueous ace t ic  acid solution was  p repa red  by adding ten  d rops  

of glacial  ace t ic  acid to 5. 83  g(0. 648 eq) of dis t i l led water .  

of th i s  solution (3. 2 g,  0. 324 eq  H 0) was  added dropwise with constant 

s t i r r i n g  to a mixture  of p-allylphenyldimethylethoxysilane (95. 0 g, 

0. 432 eq) and methyl t r ie thoxysi lane (6. 4 g, 0. 108 eq). 

t empera tu re  was  kept at 45-50°C during the addition. 

of the  methyl t r ie thoxysi lane (6. 4 g,  0. 108 eq) was  then added to  the 

react ion mixture ,  a f t e r  which the  r ema inde r  of  the aqueous ace t ic  

ac id  solution was  added dropwise ,  with constant  s t i r r i n g ,  at 45-50°C. 

Part 

2 

The  react ion 

Another  port ion 

After  the reac t ion  mix tu re  had become homogeneous,  a n  

additional quantity of d i s t i l l e d  water  ( 3  g) w a s  added, and the whole 

mixture  wa's s t i r red for  one hour at 45-50°C. 

I 
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Ethanol and excess  water  w e r e  disti l led f r o m  the  reac t ion  

mixture  at 20 t o r r ,  the t e m p e r a t u r e  being allowed to r each  80°C. 

Dist i l la te  (35 ml) w a s  collected i n  a cold t rap .  

dis t i l la t ion was then c a r r i e d  out on a molecular  s t i l l ,  yielding four  

f rac t ions  as  follows: 

A high vacuum 

= 1. 5053 F1: 84°C at t o r r ;  11. 8 g,  nD 

F2:  85-96°C a t  t o r r ;  16. 2 g,  n r  = 1. 4986 

F3: 165°C at t o r r ;  22. 2 g ,  n24 = 1. 4943 

24 

D 

F4: 2 165°C a t  t o r r ;  5. 9 g,  n? = 1. 4895 

Cohydrolysis  of p-allylphenyldimethylethoxy silane with Dimethyl - 
diethoxysilane (C 19 6 1 - 9 3) 

Dist i l led wa te r  (7. 3 g, 0. 40 mole)  which contained one d r o p  of 

glacial  ace t ic  acid was  added dropwise with constant  s t i r r i n g  to  a 

mix tu re  of p-allylphenyldimethylethoxysilane (89. 2 g ,  0. 40 mole)  

and dimethyldiethoxysilane (30. 0 g ,  0. 20 mole) .  

vigorously s t i r r e d  at ambient  t empera tu re  fo r  about 18 hours .  

Absolute ethanol (40 ml) was then added and the mixture  was heated 

at ref lux f o r  one  hour.  

all o ther  low bo i l e r s  w e r e  removed a t  85°C and 10 t o r r .  The 
undisti l led product  weighed 48 g r a m s  which represented  a 55 pe rcen t  

yield. Low boiling products  weighed 12. 2 g. 

The mix tu re  was 

A f t e r  removal  of the ethanol by s imple  dis t i l la t ion,  
- 3  

Epoxidation of Bis(p-allylphenyl) polymethylsiloxane (C 1961 -94): 

The  cohydrolysis  product  of exper iment  C1961-93 was  used i n  

th i s  epoxidation. Tr i f luoroace t ic  anhydride (27. 9 g, 0. 133 mole)  

i n  methylene chlor ide (25 - 30 ml)  was added dropwise  t o  a s t i r r e d  

s l u r r y  of hydrogen peroxide (88 percent ,  4. 0 g, 0. 102 mole)  in  

methylene chlor ide a t  0-5°C. When the reac t ion  was completed,  t he  

perac id  solution was added dropwise with constant  s t i r r i n g  to  a mix tu re  

of t he  dial lyl  compound (45. 0 g ,  0. 102 mole)  and anhydrous powdered 
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sodium carbonate  (42. 2 g,  0. 399 mole)  in  methylene chlor ide (75 ml). 

The react ion mixture  was  maintained at ref lux during the addition 

and f o r  30 minutes  the rea f t e r .  

salts. 

phases  w e r e  combined and r e t r ea t ed  with f r e s h  carbonate.  

overnight  and re f i l t e r ing ,  m o s t  of the solvents  w e r e  removed by s imple  

disti l lat ion and the  low bo i l e r s  were  removed at 90°C and 10 

The  nonvolatile product  weighed 36. 6 g, which was 76 percent  of theory.  

It was  then f i l t e red  to  remove  inorganic  

These  salts w e r e  washed with methylene chlor ide and the organic  

Af te r  set t ing 

- 3  
t o r r .  

Cohydrolysis  of p -Allylphenyldimethylethoxysilane with 
D-Bis(dimethvlethoxvsilv1)benzene (C 196 1-95): 

~~ 

Bis(dimethylethoxysily1)benzene (46. 0 g,  0. 080 mole ,  b. p. 110- 

115°C) and (p-allylpheny1)dimethylethoxysilane (35. 2 g,  0. 160 mole)  

were  mixed toge ther ,  and acidified water  (2. 9 g,  0. 16 mole ,  0. 3 

d rops  ace t ic  acid)  was  added. 

about 16  hour s  at ambient  t empera tu re .  When excess  wa te r ,  ethanol,  

and low boiling products  w e r e  removed at 70°C and 10 

undistilled product  weighed 40. 5 g (60 pe rcen t  of theory)  and had an  

equivalent weight of 491. 

The  mixture  was s t i r r ed  vigorously f o r  

- 3  
t o r r ,  the 

Epoxidation of 1, 4-Bis  [ (p-  allylphenyldimethylsiloxy) dimethyls i ly l l -  
benzene (C 1961-96) 

Tr i f luoroperace t ic  acid was  p repa red  by the  dropwise  addition 

of a solution of t r i f luoroace t ic  anhydride (31. 6 g ,  0. 150 mole)  in  

methylene chlor ide (35 ml) to a s t i r r e d  mixture  of methylene ch lor ide  

(35 ml) and hydrogenperoxide  (4. 66  g,  89 pe rcen t ,  0. 122 mole)  at 

0-5°C. 

s l u r r y  of 1 , 4 - b i s  [ (p-allylphenyldimethylsiloxy)dimethylsilyl]benzene 
(35. 0 g) and anhydrous powdered sodium carbonate  (47. 8 g,  0. 45 mole)  

in  methylene chlor ide (75 ml). 

addition and was  continued fo r  1 / 2  hour when the addition was complete.  

After  cooling, the  inorganic  salts w e r e  removed by f i l t ra t ion.  

was then removed by dis t i l la t ion and t h e  epoxy compound was  heated 

at about 95°C and 5 x 10 t o r r  to  r emove  all volati le consti tuents.  A 

yield of 18. 4 g of epoxy compound was  obtained which had a n  equivalent 

weight of 491. 

T h e  f r e sh ly  p repa red  perac id  was then added dropwise to a 

Reflux was  maintained throughout the  

Solvent 

- 4  
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2. EPOXYSILAZANES 

HISTORICAL 

Si lazanes consti tute a c l a s s  of compounds which w e r e  first syn-  

thesized by N. D. Cheronis  around the mid 1940's and on which the 

first patents  w e r e  i ssued  in 1951. The compounds a r e  general ly  

synthesized by the react ion of halosi lanes  with a l a rge  e x c e s s ,  genera l ly  

a t  l e a s t  fourfold,  
2 

of ammonia o r  var ious  o ther  amines .  

P o l y m e r s  of var ious  types have been made f r o m  s i lazanes  through 
3 hydrolys is ,  through additions to polyisocyanates,  and through con- 

densat ions with diols .  Those s i lazanes  der ived f r o m  ammonia  have 
5 a l so  been homopolymerized a t  60°C with the l iberat ion of ammonia.  

4 

In one r e p o r t  the diglycidyl e the r  of isopropylidene diphenol was 

polymerized with hexamethylcyclotrisilazane and octaphenylcyclotetra-  

s i lazane.  

higher .  In these  c a s e s ,  gellation occur red  within 1 hour a t  175°C and 

the  polymerizat ions w e r e  complete  within 6 hours  a t  th i s  t empera tu re .  

Other  than this  work  of Weigel,' the only o ther  r e s e a r c h  i n  this  f ield 

appea r s  to be that of R. E .  Burke,  J r .  17 whose invest igat ions dea l t  with 

the u s e  of difunctional s i lazanes  such as b is  (methy1amino)diphenylsilane 

as epoxy curing agents r a t h e r  than the tr ifunctional s i lazanes  such as 

those r epor t ed  herein.  

These  polymerizat ions were  found to proceed a t  100°C o r  

IN. D. Cheronis ,  U . S .  2 ,564 ,674 ,  August 21, 1951. 

'Midland Si l icones L td . ,  Br i t .  737,229, September  21, 1955. 

3K. A. Andrianov and S. E. Yakushkina, Vysokomolekul. Soedin, 

4L. W. Breed  and R. L. El l iot t ,  NASA Doc. N-63-19117. 1963. 
5 

6 F r i t z  Weigel, Ger .  1 ,035,897,  August 7, 1958. 

7Unpublished work  repor ted  in  the National Aeronaut ics  and 

- 4, 1193-6 (1962). 

Cheronis ,  op. cit.  

Space Adminis t ra t ion S u m m a r y  r e p o r t  on Cont rac t  NAS 8-1510, 1965. 
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DISCUSSION 

In work  c a r r i e d  out i n  the Hughes labora tor ies ,  s i lazanes  which 

w e r e  studied as epoxy curing agents  w e r e  noncyclic compounds der ived  

f r o m  p r i m a r y  aliphatic amines.  

the ammonia-based  cyclosi lazanes studied by W eigel. 8 

In  this  r e spec t  they con t r a s t  with 

Specific compounds investigated in the Hughes r e s e a r c h  a re  

phenyltris(methylamino)silane, phenyltris  (ethy1amino)silane and  

vinyltris(hexy1amino)silane. 

the reaction of the corresponding t r ihalosi lane with a l a r g e  excess  

(ten-fold) of the appropr ia te  anhydrous amine. 

may  be  i l lustrated a s  follows: 

These  compounds w e r e  synthesized by  

The genera l  react ion 

Compound 

I 

I1 

111 t 
c 1  
I 

c 1  

R - NH + R ’  - Si - C 1  
2 I 

R R ‘  

-C H 
6 5  

6 5  

-CH3 

-C H -C H 2 5  

-C6H13 -CH = C H 2  

R’  

Compound 

I 

I1 

111 

H \N/R 

I 
- Si - 

I 
N 

H’ ‘ R 

Empi r i ca l  P e r c e n t  Sil ic on Per  cent Nitrogen 
F o r m u l a  Observed Theore t ica l  Observed Theore t ica l  

C9H 17N3Si 14. 7 6  14. 41 20. 30 21 .54  

12H23N3Si 12. 2 11. 85 16. 36 17. 72 

20H45N 3si 6. 84 7. 91 11. 40 11. 83 

H 

R 
N: 

op. cit .  8 

34 

I 
I 
1 
I 
I 
I 
1 
I 
1 
I 
I 
I 
I 
I 
I 
1 
I 
I 
1 



1 
I -  
B 
I 
I 
I 
I 
1 
I 
I 
1 
I 
I 
I 
I) 

I 
I 
li 
I 

Devtations f r o m  ideal i ty  are at t r ibuted to the ex t r eme ly  high 

moi s tu re  sensi t ivi ty  of these  compounds. 

air with the subsequent  evolution of the base  amine.  

techniques f o r  handling these compounds include s tor ing  them in  baked 

syr inge  bot t les  and t r ans fe r r ing  them e i ther  in  a d r y  box o r  v ia  a d r y  

hypodermic syr inge .  

the format ion  of flocculent white prec ip i ta tes  i n  trace amounts ,  but 

this  problem can  be vir tual ly  e l iminated when meticulously d r i e d  g l a s s  - 
w a r e  is used. 

t he i r  reac t ions  with epoxy compounds as i l lus t ra ted  below: 

Fuming invariably o c c u r s  i n  

The m o s t  sui table  

Inadequately d r i ed  g l a s sware  always p romotes  

S i lazanes  of this  type function essent ia l ly  as amines  in  

I 100°C 

Cured  r e s i n s  der ived  f rom 2,2-bis(p-epoxypropoxyphenyl)propane 

[Epon X-24, Shell  Chemical  Company] 

s i l azanes  w e r e  completely co lo r l e s s  t r anspa ren t  products  having exce l -  

l en t  d i e l ec t r i c  and physical p rope r t i e s .  F o r  example,  the phenyl t r is-  
(ethy1amino)silane (11) cured r e s i n  had the following c h a r a c t e r i s t i c s :  

and the above mentioned 

A. Compress ive  s t rength  21,600 ps i  

B. Modulus of e las t ic i ty  in  compress ion  3 . 4  X 10 ps i  

C. Modulus of e las t ic i ty  in  tension 3 .5  X 10 psi  

6 

5 

D. Tens i le  s t rength 3,020 ps i  

E .  Elongation 0 .9  percent  

F. Density 1 .23  g / c c  at 23°C 

35  



Coefficients of l i nea r  t h e r m a l  expansion were  not de te rmined  on 

pu re  r e s i n  but w e r e  de te rmined  on spec imens  fi l led with s i l i ca  m i c r o -  

balloons ( E m e r s o n  and Cummings,  Eccosphe res  DI, approximately 

20 percent  by weight). The following r e su l t s  w e r e  obtained: 

A.  Between -56°C  and -4 °C  : 6 .20  X in. / in .  / " C  

rk 1.910 INCHES AT 23O C 

B. Between - 4 ° C  and 100°C 7.35 x in. / in .  / " c  

/l 

This  r e s i n  appeared  to have a t ransi t ion point a t  about - 4 ° C  to - 6 ° C  a s  

seen  in  F igure  2-1. 

F 

100 

50 

0 

-50 

-100 

PHE NY LT R IS (ETHYL AM IN 0) - - 
SILANE AND FILLED WITH 
APPROXIMATELY 20 PERCENT 
ECCOSPHERES SI BY WEIGHT 

I 

EPON X-24 CURED WITH 

-60 -40 - 20 0 20 40 60 8 C  

TEMPERATURE "C 

Figure  2-1.  Therma l  expansion of filled epoxy s i lazane.  

T e s t s  were  a l s o  c a r r i e d  out on Eccosphe re  SI fi l led samples  to 

determine ' the extent to which they outgassed in  high vacuum both a t  

ambient  and a t  elevated t empera tu re .  

a ted and the following r e su l t s  w e r e  obtained: 

Duplicate samples  were  evalu-  

1 
I 
I 
I 
1 
I 
I 
1! 
I 
I 
I 
I 
I 
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I 
I 
I 
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T i m e  - T e m p e r a t u r e  

72 hour s  at 23°C 

r 

72 hour s  at 23°C 

plus  

24 hours  at 100°C 

Resul t s  of t h e s e  tests w e r e  highly promis ing ,  not only because  of the 

v e r y  s m a l l  weight l o s s e s  noted, but m o r e  significantly because  the 

vola t i les  w e r e  noncondensable at ambient  t e m p e r a t u r e ,  even when the  

spec imens  w e r e  heated at 100°C. 

appear  sui table  f o r  a e r o s p a c e  applications. 

Consequently the r e s i n s  tes ted  

Ethylene oxide-Freon  s te r i l i za t ion  tests w e r e  a l s o  c a r r i e d  out 

and  w e r e  in accordance  with Voyager specifications.  

f i l led and unfilled r e s i n  were  tes ted.  

phenyltris(ethy1amino)silane cured  Epon X-24 with the filled specimen 

containing s i l i ca  m ic roballoons (Ecco sphe r e s SI , approximate ly  20 

percent  by weight). 

s t e r i l i za t ion  conditions but they rehardened when removed f r o m  the 

s te r i l i z ing  environment.  

or  due to  chemical attack was not establ ished.  

feasible .  

might proceed  as shown below: 

Samples  of both 

The r e s i n  i n  both was  the 

Sur faces  of both spec imens  w e r e  softened by the  

Whether th i s  was  due to  physical absorpt ion 

Both p r o c e s s e s  a re  
F o r  example ,  an  at tack by ethylene oxide on the Si-N bond 

P r e s s u r e  Range, Total  Weight 
t o r r  Loss (percent )  

3 x 0. 080 f 0. 002 

3 x 1. 0 6  f 0. 04 

However ,  the  subsequent  loss  in weight observed  when the exposed 

p u r e  r e s i n  was heated in the second par t  of the t e s t  essent ia l ly  negates  

the poss ib i l i ty  that  a chemica l  react ion has  occur red .  In all probabi l i ty ,  
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t he re fo re ,  the changes were  due t o  physical absorpt ion only. 

of these  t e s t s  a r e  shown in Table  2-1 below: 

Resul t s  

A 

B 

Weight 
Sample 

Number Conditions 

C2425-79-3 0. 8464 

0. 8720 t3. 0 

0. 8351 -1. 3 

(unfilled) 

0. 7245 
0. 8178 

0. 7180 

C2425-79-3F 

(filled) 

- 
$12. 9 

-0. 9 
A 

B 

Volume 

0. 69 
0. 71 

0. 75 

0. 86 

t2. 9 
+8. 7 

Table 2 -  1. Results of steri l ization tes ts  on cured epoxysilazanes. 

Under t e s t  conditions A ,  samples  were  c a r r i e d  through six 24 
hour cyc les  at 23°C using an a tmosphere  of 12 percent  ethylene oxide 

and 88 percent  F r e o n  12 humidified to 50 percent  re la t ive  humidity. 

Under t e s t  conditions B,  spec imens  were  heated at 135°C f o r  200 

hours  under d r y  nitrogen upon completion of the  ethylene oxide-Freon  

expo su  r e .  

It i s  quite apparent  that  the  microbal loon filled specimen was 

somewhat m o r e  suscept ible  to ethylene oxide-Freon  absorpt ion than 

was the unfilled sample.  This  effect  can  be attr ibuted to  the higher 

deg ree  of porosi ty  of the  filled spec imen and can  probably be  remedied 

by the ui t :  of l e s s  than the maximum amount of f i l ler .  

Die lec t r ic  p rope r t i e s  of the var ious  s i lazane cured  epoxies w e r e  

determined using cyl indrical  4-rod embedded electrode spec imens  

4-1/2 inches long by 5/8 inch wide with 0. 16 inch d i ame te r  b r a s s  

e lec t rodes  placed 0. 33 inch a p a r t  on center .  The composition of 

these  spec imens  i s  given in Table  2-2. 
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D 25. 5 

C 

D 

B 

D 

I 

14. 3 

20. 4 

5. 5 

11. 9 
.b 'I. 

D 

I 

B 

D 

I 

B 

15. 3 
.(r -e* 

7. 9 
17. 0 

.*a -8. 

5. 5 

D 11. 9 

G 43 

The first t h r e e  spec imens ,  namely 66-1, 68-8, and 70-3 were  

unfilled r e s i n s  der ived  f rom Epon X-24 and phenyl t r is  (methylamino)-  

s i lane ,  phenyl t r is  (ethy1amino)s i lane and vinyl t r is  (hexy1amino)s i lane,  

respect ively.  In formulating these  r e s i n  compositions,  i t  was noted 

that the phenyl t r is  (methy1amino)silane yielded homogeneous prepolymer  

Compos ition C u r e  Conditions * 
T e m p e r a t u r e ,  

"C 
Weight T i m e ,  

hours  

16 

6 

Cod e 

C2425-66- 1 

Eq. 

0. 15 

0. 15 

0. 14 

0. 14 

85 

100 

A I 9.75  

2 

5. 5 

15 

4 

2 3  

75 

85 

100 

- 68- 8 11. 1 

I 2 3 . 8  

-70- 3 100 0. 12 

0. 12 

0. 07 

0. 07 

18 

64 

5 

-70-4 75 

100 

-70-5 C I 10.7 0. 09 
0. 09 

2 1  100 

'9- 1 ; Same  as 
'0-4 except  fo r  
n i lde r  pos tcure  

0. 10 

0. 10 

15 

4 

75 

100 

~~ 

0. 07 

0. 07 

23 

75 

85 

100 

-68-9 1 

5 

15 

4 

Table 2-2.  Composition of epoxysilazane d ie lec t r ic  t e s t  spec imens .  
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Code Components 

B 

E 

D 

-~ 

C2425-68-10 

Weight? Time,  Tempera tu re ,  
g r a m s  Eq. hours  "C 

6. 3 0. 08 2. 5 75 

2 .2  0.08 15 85 

27. 3 0. 16 4 100 

-68 -  11 B 

F 

D 

B 

H 

D 

-68-  12 

5. 5 0. 07 1. 5 75 

7 . 9  0.07 15 85 

23.8 0. 14 4 100 

5 .5  0 .07 15 85 

7. 4 0. 07 4 100 

23. 8 0. 14 

Composition I I Cure  Conditions* 

*All c u r e s  c a r r i e d  out under  nitrogen. 
.I* 1- 

Maximum obtainable - about 20 percen t  by weight. 

Code: A = 

B =  
c =  
D =  

E =  

F =  
G =  

H =  

I =  

phenyl t ris (me  thy1amino)s i lane 

phenyl t r is  (ethy1amino)s i lane 

vinyl t r is  (hexy1amino)silane 

2, 2-  bis  (2, 3 -epoxypropoxyphenyl)propane [Epon X- 241 

m-phenylenediamine 

N -me  thylaniline formaldehyde (C 24 25 - 5 9 B ) 

"0Ot '  smoked s i l i ca  

N ,  N 1  -diphenylethvlenediamine 

Eccospheres  SI (dr ied  a t  250°C) 

Table 2-2. (continued) 

mix tu res  which tended to  c u r e  ve ry  rapidly and c a r e  was requi red  to 

obtain spec imens  free of c r a c k s .  

in con t r a s t ,  a l s o  formed homogeneous prepolymer  mix tu res ,  

Phenyl t r i s  (ethylamino)silane,  
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but no exotherm problems were  encountered. 

smoothly at 85 to  100°C with the higher t empera tu re  being p re fe r r ed .  

Vinyltris(hexylamino)silane, on the  other  hand, was difficult to work 

with in  that it was incompatible with Epon X-24. 

cured r e s i n s ,  t he re fo re ,  it was necessa ry  to r eac t  this  epoxy compound 

and the s i lazane  under  ni t rogen at 90 to 100°C with constant s t i r r i n g  

until sufficient interact ion occur red  to produce a homogeneous mixture .  

This  mixture  could then be c a s t  and cured  a t  300°C to produce c o l o r l e s s ,  

t r anspa ren t ,  homogeneous castings.  

C u r e s  proceeded 

To obtain homogeneous 

The second s e t  of spec imens ,  namely 70-4, 70-5, 79-1, and 

68-9 w e r e  fi l led r e s i n s  der ived f r o m  Epon X-24 and e i ther  phenyl t r i s -  

(ethylamino) s i lane o r  vinylt ri s (hexylamino) s i lane.  Phenyl t r  i s  (methyl - 
amino)si lane was not used in making filled samples .  The f i r s t  t h r e e  

contained s i l ica  microbal loons (Eccospheres  SI) and the fourth con- 

tained “ 0  0 ”  smoked s i l ica .  

smoked s i l i ca  did not yield void- f ree  spec imens  when vacuum impregna -  

t ion techniques w e r e  used; however,  it was not evaluated extensively.  

Microballoon f i l led spec imens  were  prepared  f r o m  vacuum degassed 

r e  sin -f i l le  r -p r  emixe s. 

Because  of its high packing densi ty ,  the 

Spec imens  70-4 and 79- 1 were  phenyltris(ethy1amino)silane-based 

r e s i n s  and d i f fe red  in  the i r  c u r e  procedure.  

the m o r e  extensive cu re ,  had significantly be t t e r  d i e l ec t r i c  p rope r t i e s ,  

as will be noted l a t e r .  

The f o r m e r ,  which had 

Die lec t r ic  spec imens  in the l a s t  group, specif ical ly  68-10, 

68- 11, and 68- 12 were  t e r p o l y m e r s  der ived f r o m  phenyltris(ethy1- 

amino)s i lane ,  Epon X-24 and an  a romat i c  amine.  In each c a s e ,  

s to ich iometr ica l ly  equivalent amounts  of the s i lazane  and the a romat i c  

amine w e r e  used. 

N -methylaniline f o rmald  ehyd e ,  and N , N -d iphenylethylened iamine. 

A s  f a r  as d i e l ec t r i c  p r o p e r t i e s  w e r e  concerned,  the copolymerizat ion 

of the a romat i c  amines  with the s i lazane  d id  not appear  to have any 

spec ia l  m e r i t  and,  in f a c t ,  de t rac ted  f r o m  the d ie lec t r ic  proper t ies .  

Die lec t r ic  measu remen t s  made  on the  var ious  epoxy-si lazanes descr ibed  

above a r e  presented  in Table  2-3 .  

T h e s e  amines  included m-phenylenediamine, 
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A study has  a l s o  been made on the effect of wa te r  on the s i lazane 

Specimens used in these t e s t s  w e r e  approxi -  cured  Epon X-24 r e s i n s .  

mate ly  1 / 8  x 1 / 4  x 1 / 2  inch. 

anticipated both f rom the standpoint of dimensional stabil i ty and weight. 

'With total  i m m e r s i o n  a t  ambient  tempera ture  the phenyl t r is(ethylamin0)  - 
si lane cured  samples  swelled about 0. 1 - 0 . 2  percent ,  both fi l led and 

unfilled, and then showed no significant fur ther  change for  about 50 hour s  

Weight gains  in this period w e r e  below 1 percent  for  the 

t r is(ethy1amino)si lane cured  sample a n d  below 1 .6  percent  for the 

vinyltris(hexy1amino)silane cured  sample .  

Moisture  r e s i s t ance  was  far be t te r  than 

With total  submers ion  a t  100 "C, the vinyltris(hexy1amino)silane 

cured  r e s i n  was  highly supe r io r  to the phenyltris(ethy1amino)silane 

cured  r e s i n  in that the f o r m e r  inc reased  in weight by only 3 .4  percent  

i n  seven hour s ,  whereas  the l a t t e r  gained 20 percent  i n  weight i n  two 

hours .  

w e r e  in fe r io r  i n  all c a s e s  to the corresponding unfilled r e s i n s .  

probably be a t t r ibu ted  to a high degree  of porosity.  

on the fi l led samples  thus probably can  be improved markedly  i f  l e s s  

than the max imum amount of f i l ler  is incorporated.  

I t  was  a l s o  noted that the s i l i ca  microbal loon fi l led spec imens  

This  can  

Moisture  r e s i s t ance  

Data showing the effect of wa te r  on these r e s i n s  a r e  presented  in 

graphica l  fo rm in F igures  2-2  through 2-5. 
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Figure  2-2.  Effect  of wa te r  on si lazane cu red  epoxy r e s i n s  
(total  i m m e r s i o n  at 24°C).  

F igure  2 - 3 .  Effect of wa te r  on phenyltris(ethy1amino)silane cured  
Epon X - 2 4  (total i m m e r s i o n  at 24°C).  
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Figure  2-5. Effect  of water  on dimensional  stabil i ty of 
phenyl t r is  (ethylamino) s i lane cu red  
Epon X-24 (total  i m m e r s i o n  
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EXPERIMENTAL 

Phenyltris(ethy1amino)silane (D1151-21) - 
To a mix tu re  of anhydrous ethylamine (450 g,  10 moles )  in 

anhydrous e the r  (1 1)  was  added dropwise a solution of f resh ly  dis t i l led 

phenyl t r ichlorosi lane (211 g, 1 mole )  in anhydrous e the r  (200 ml).  Upon 

completion of the addition, the mixture  w a s  heated a t  ref lux for  one hour .  

Af te r  cooling and  sett l ing,  the fluid phase w a s  decanted and f i l tered.  

E t h e r  and  e x c e s s  amine  w e r e  then removed by s imple disti l lat ion and 

the phenyltri  s (ethylamino) s i lane was  dis t i l led under  reduced p r e  s s u r e  

(B. P. 123°C a t  5 t o r r ) .  A yield of 196 g,  (0 .83  mole ,  83  percent )  was  

obtained. 

Phenyltris(methy1amino)silane (D1151-4A) 

A solution of phenyl t r ichlorosi lane ( 23. 3 g, 0 .  11 mole)  in  

anhydrous e t h e r  (50 ml) w a s  gradual ly  added to a solution of d r y  

methylamine (34. 2 g,  1.  1 m o l e s )  in anhydrous e the r  (200 ml). After 

completing the addition the reac t ion  mixture  w a s  heated at reflux fo r  

45 minutes  and  e x c e s s  methylamine w a s  dis t i l led off. 

f i l t e red  to remove  methylammonium chlor ide and  the f i l t ra te  was  then 

dis t i l led at  ambient  p r e s s u r e  to remove  e the r .  Disti l lat ion of the high 

bo i l e r s  a t  3 t o r r  yielded 11 g of phenyltris(methy1amino)silane boiling 

between 104 and  115°C. 

The yield r e p r e s e n t s  51 percent  of theoret ical .  

I t  was  then 

Virtually all of the product boiled at 105°C.  

P repa ra t ion  of Vinyltris(hexy1amino)silane (D1151-8A) 

F r e s h l y  dis t i l led vinyl t r ichlorosi lane (B. P. 90 "C) and  

n-hexylamine (B. P. 132 f 1 "C) w e r e  used  in this preparat ion.  The amine  

was  d r i ed  o v e r  KOH before disti l l ing.  

To a cold solution ( -10°C)  of n-hexylamine (208 g, 2. 05 moles )  in  

anhydrous e the r  (100 ml) was  added dropwise (one hour)  a solution of 

vinyl t r ichlorosi lane (32. 3 g, 0. 20 mole )  i n  anhydrous e the r  (75 ml). 

Upon completion of the reac t ion  the mix tu re  was  allowed to w a r m  to 

room tempera tu re  and w a s  then f i l t e red  to r emove  the hexylamine 
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hydrochloride.  E the r  and excess  amine  w e r e  removed by d is t i l l a -  

tion a t  ambient  p r e s s u r e  and the res idue  was then ex t rac ted  with 

naphtha. 

reduced p r e s s u r e  (approximately five t o r r ) .  

point of the product (132-155°C) i t  was redis t i l led a t  1. 5 X 10 

115-140°C. Some degradat ion occur red  a t  these t empera tu res ,  probably 

due to the high pot t empera tu re  (160-175°C).  

mo lecu la r  s t i l l  was c a r r i e d  out a t  l o m 3  t o r r  and two f rac t ions  were  

col lected,  namely 

This naphtha solution was dis t i l led f i r s t  at ambient  and then at 

Because of the high boiling 

t o r r  and  - 3  

A final dist i l lat ion on a 

I 95-105°C (27.5 g),  pot t empera tu re  98-107°C 

I1 105-150°C (5 g) ,  pot t empera tu re  107-160°C 

The tota1,product (-30 g)  r e p r e s e n t s  a 42 percent  yield. 

In a previous prepara t ion  a yield of only 20  percent  was  obtained. 
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3. N-METHYLANILINE FORMALDEHYDE - EPOXIES 

DISCUSSION 

N -Methylaniline formaldehyde i s  a condensation product obtained 

f r o m  the acid catalyzed react ion of N -methylaniline with formaldehyde. 

The m a t e r i a l  h a s  been found to be an excellent curing agent for  epoxy 

r e s ins .  I t s  p repara t ion  may be i l lustrated in the following genera l  form.  

I 
H+ 

t C H 2 0  
a. 0-5°C 
b. 100°C 

H, /CH3 

[-+-cH2-] n 

The f i r s t  of these  syntheses  utilized 2 moles  of the a romat i c  

amine and one mole of formaldehyde and m a y  be i l lustrated as follows: 

H-N-CH3 1 
H 
I 

Rathe r  than producing a single compound, the reac t ion  yields a mixture  
of isomers which include 4, 4'-bis(methylamino)diphenylmethane, 

2 , 2 '  -bis(methylamino)diphenylmethane, and 2,  4I-bis (methylamino)  - 
diphenylmethane, as wel l  as a sma l l  amount of higher te lomers .  

some extent the var ious  i s o m e r s  can be separated by molecular  

dist i l lat ion a t  t o r r  and t e m p e r a t u r e s  of 80-150°C. That portion 

which d i s t i l l s  a t  the lower t empera tu re  tends to c rys t a l l i ze  m o r e  

readi ly  than the higher boiling portion and thus i s  probably the m o r e  

symmet r i ca l  4 ,4l  - i somer .  

T o  

When the volati le diamine mixture  was  used to c u r e  2 ,  2 -b is -  

(epoxypropoxypheny1)propane (Epon X -24) the  cured r e  s ins  were  quite 

br i t t l e ;  however,  the undisti l led react ion product (which contained higher 

t e lomers ) ,  o r  the nonvolatile higher te lomer  s alone, produced tough r e s ins .  
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F u r t h e r  synthes is  e f for t s  w e r e  thus d i rec ted  t o  the prepara t ion  

of higher t e l o m e r s  only. 

amine:formaldehyde m o l a r  r a t i o s  between one and two. 

m o l a r  r a t i o s  w e r e  of no in te res t  because  they produce  high polymers .  

Th i s  w a s  accomplished by using var ious  

One to  one 

After  synthesizing and evaluating these  condensation products ,  

it  w a s  demonst ra ted  that  the lower the m o l a r  r a t io  of N-methylaniline 

to  formaldehyde the bet ter  the condensation product  functioned as a 

cur ing  agent  re la t ive  t o  i t s  high t e m p e r a t u r e  d ie lec t r ic  proper t ies .  Th i s  

w a s  at t r ibuted to  the gradual  i n c r e a s e  i n  the d e g r e e  of polymerizat ion 

(D. P. ) of the condensation product  as the r a t io  approached the value 1; 

f u r t h e r m o r e ,  the higher  the d e g r e e  of polymerizat ion,  the higher  the 

second o r d e r  g l a s s  t rans i t ion  t e m p e r a t u r e  of the  p repo lymer  that  could 

be expected,  and the  higher  the second o r d e r  g l a s s  t ransi t ion t e m p e r -  

a t u r e  which might be expected of the cured  epoxy r e s i n  made  theref rom.  
The g r a d u a l  improvement  of d ie lec t r ic  p r o p e r t i e s  as the D. P. of the 

cur ing  agent i nc reased  thus  m a y  be due to t h i s  factor .  It would, of cour se ,  

be n e c e s s a r y  t o  m e a s u r e  the various second o r d e r  g l a s s  t ransi t ion t e m -  

p e r a t u r e s  on cu red  r e s i n s  in o r d e r  to support  t h i s  explanation. 

T h e r e  is ,  of c o u r s e ,  another  highly plausible explanation for  t h i s  

effect. Since inhibited formaldehyde,  which contains  methanol,  was  

used  in t h e s e  expe r imen t s ,  it is quite possible  that  as the re la t ive  

formaldehyde concentrat ion w a s  inc reased  condensation products  had 

success ive ly  higher  d e g r e e s  of N -methylation. T h i s  is i l lus t ra ted  as 

f 0 110 w s : 

H \N,cH3 
I 

t CHZO 

3 

CH2 t 
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T e r t i a r y  amino groups in these prepolymers  would, of cour se ,  

not be capable of adding  to epoxy groups  although they would s t i l l  be 

catalytic.  However,  the polyfunctional na ture  of the products  would 

pe rmi t  them to continue to function in a cur ing capacity v ia  additions 

of the unchanged secondary amino groups.  

Th i s  explanation could be tes ted  by studying condensation products  

der ived f r o m  uninhibited formaldehyde. 

type was  not made although two such exper iments  were  c a r r i e d  out in  

which the N-methylaniline to formaldehyde r a t io  was  1. 59 and 1. 38. 

Dielec t r ic  p rope r t i e s  of epoxy r e s i n s  made f rom these amines  

A comprehensive study of t h i s  

again indicated that the lower ra t io  wa-s super ior .  

the degree  of polymerizat ion i s  a m o r e  important  factor  in bringing 

about improved high t empera tu re  d ie lec t r ic  p rope r t i e s  than is the extent 

of methylation. 

methanol can a l so  occur  on the r ing  under  acid ca ta lys i s  a s  well  as on 

the amino groups.  

unalkylated and can continue to c u r e  via  addition a c r o s s  epoxy groups.  

It should a l so  be noted that condensations c a r r i e d  out under ni t rogen 

yield ve ry  light colored products  which a r e  capable of producing a lmost  

c o l o r l e s s  cured epoxies.  

n i t rogen  p r i o r  to  use  a l s o  helps considerably in providing chromophore-  

Thus it a p p e a r s  t h a t  

It should a l so  be pointed out that  methylation by 

If this  o c c u r s  the secondary amino groups r ema in  

Disti l lat ion of the N -methylaniline under 

f r e e  polyamines.  

After having prepared  a 
exper iments  were  c a r r i e d  out 

N -me th ylani lin e fo rm ald e h yd e 

the curing agent that  was used 

of 1. 5. When the epoxy:amine 

react ion products  were  br i t t le  

s e r i e s  of these  polyamines,  s e v e r a l  
to determine  the optimum ratio of the 

to the epoxy compound. 

had an amine:formaldehyde mola r  r a t io  

equivalent weight r a t io  exceeded 2,  the 

and melted below 100°C; however,  when 

For these  t e s t s  

t h i s  r a t io  was  between 1 and 1. 5, tough r e s i n s  were  formed.  

Optimum d ie l ec t r i c  p rope r t i e s  w e r e  observed  when the epoxy: 

amine equivalent weight r a t io  was 1. 

3-1. 

glass rnicroballoons (Eccospheres  R', f r o m  E m e r s o n  and Cummings)  

and is p resen ted  in  Table 3-2 .  

This  da t a  i s  presented  in Table 

Data  w a s  a l s o  obtained on two spec imens  which were  fi l led with 
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3. 5 

3. 8 

4 .9  

4. 8 

Insulation 
Res is tance  , Dielec t r ic  

Constant 
1 kc 

Dissipat ion 
F a c t o r ,  

percent  

.b -8- 

Epoxy:Amine 
Eq. Wt. Rat io  - 

Specimen 
No.  

me ohms 
@ 5%0 VDC 

100°C 100" c 
0. 2 

0. 3 

4 .9  

100°C 25°C 

3. 9 

4. 5 

4. 5 

25°C 

0. 5 

0. 5 

25" C 

3. 9 >1x107 

7 

5X106 

>1x10 

3X106 

2X1O6 

3x i o 3  

73 -1 ,2  1. 00 

1 .  13 

1. 50 

77 -2 4. 8 

1 0 . 3  77-1 

78 -3 2. 27 

5. 00 

Br i t t l e  c racked  spec imen 

No  c u r e  - 78 -4 

* 
Epon X-24 (Shell Chemica l  Co. ) 

Table 3 - 1. Dielec t r ic  properties of several ea r ly  N-methylaniline 
formaldehyde cured epoxies .  

Insulation 
Res is tance  , 

megohms  

100°C 

.I. *I. 

Epoxy: Amine 
Eq.Wt. Rat io  

Die l ec t r  ic  
Constant 

1 kc  

D is sipation 
F a c t o r  J 

percent  
Spec imen 

No. 

25°C 25°C 100" c 25°C 

0. 4 

4. 1 

6 5x10 

2 x 1 0 ~  

7X102 

80-X3 

80-X2 
(disti l led 
diamine ) 

77-1A 

1 . 0 0  

1. 00 

1. 50 

0. 1 

34  6X105 

5 7x10 2. 5 28 

'$Filled with Eccosphe res  R 

Table 3-2. Die lec t r ic  p rope r t i e s  of s e v e r a l  e a r l y  N-methylaniline 
formaldehyde cu red  epoxies (fi l led).  
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F r o m  this  data  seve ra l  conclusions may be drawn. The f i r s t  i s  

that  the dis t i l led diamine [ bis(methy1amino)diphenylmethanel i s  h ighly  

in fer ior  to the polyamine. 

r e s u l t s  f rom spec imens  80-X2 and 80-X3. 

too br i t t l e  (unfil led) to  yield useful t e s t  specimens.  

r e su l t s  f r o m  77-1A and 80-X3 fu r the r  demonst ra ted  the super ior i ty  of 

the 1:l epoxy:amine equivalent weight r a t io  of reac tan ts  over  the 

1. 5:l ra t io .  

Th i s  is quite apparent  in a comparison of 

Diamine cured  epoxies w e r e  

A compar ison  of 

A m o r e  comprehensive study of these curing agents  was subse -  

quently undertaken utilizing in  a l l  c a s e s  an  Epon X-24 to methylaniline 

formaldehyde equivalent weight r a t io  of one to one. 

lent weights w e r e  used fo r  the methylaniline formaldehyde condensation 

products.  Die lec t r ic  constants ,  diss ipat ion f a c t o r s ,  and insulation 

r e s i s t a n c e s  of the cured epoxies a r e  graphical ly  i l lus t ra ted  in  F i g u r e s  

3-1, 3-2,  and 3-3, respect ively.  Each of these s e t s  of da t a  ver i f ies  

the supe r io r i ty  of the lower methylaniline formaldehyde r a t io s  over  the 

higher r a t io s  with the major  improvement  being observed a t  t e m p e r a -  

t u r e s  above 100°C. Below this  t empera tu re  l i t t le advantage of ra t io  

changes were  noted. Ef for t s  w e r e  a l so  made to study condensation 

products  in which the methylaniline to formaldehyde mole r a t io  was 

below 1. 3. 
viscos i t ies  in the molten s ta te  too high to permi t  them to be used con- 

veniently. 
a r e  shown in the above mentioned f igures .  

Theore t ica l  equiva-  

However,  these m a t e r i a l s  were  sol ids  with melting points and 

Graphical  compar isons  of observed d ie lec t r ic  p rope r t i e s  

The composi t ions of the var ious  d ie lec t r ic  t e s t  spec imens  a r e  

presented in Table  3-3 and a tabulation of additional d ie lec t r ic  t e s t  

data  i s  p resented  in Table  3-4. 

One s e r i e s  of d ie lec t r ic  t e s t s  was c a r r i e d  out under high vacuum 

( t o r r ) .  This  data  i s  p resented  in Table  3-5. Samples  used in 

these  t e s t s  (C1980-73) had been tested previously in a i r .  The aniline 

formaldehyde curing agent in this  ca se  was one having an amine  

formaldehyde r a t io  of 1.6. 

t e s t s  and the r e s u l t s  obtained in a i r  w e r e  of a minor  nature.  

Differences between the r e s u l t s  of these  
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6.5 

6.0 

" 5.5 
Y 
I- 4 

3.5 
1.38 (C2425-61-51 
1.45(C2425-47-1,2) 
1.60 (Cl980-73- I. 2)  
MOLE RATIOS SHOWN INDICATE 
MOLES OF METHYLANILINE- MOLES OF FORMALDEHYDE 
IN THE CURING AGENT 

3.0 I I I 

0 25 5 0  75 100 125 150 175 

Figure  3-1. Die lec t r ic  
constants  of 
N -methylaniline 
cu red  Epon X-24 
a s  a function of 

TEMPERATURE 'C t empera tu re .  

!z 
Figure  3 -2. Dissipat ion z u) f ac to r s  as a 0 2.0 

function of 
t empera tu re  - 
N-methylaniline 
for  malde h yd e 
cured  EponX-24. 

1.0 

0 

7.0 

6.0 

5 5.0 
W 0 
LL 
W L 

4.0 

ti 
i! 

25 50  75 100 125 150 175 

TEMPERATURE OC 

J. -8- 

Mole r a t io s  r e f e r  to the methylani1ine:formaldehyde mole 
The amines  w e r e  formulated with the epoxy compound on a rat io .  

1: 1 equivalent weight bas i s .  
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In 

s 
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0 
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I06 
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C 1 RATIO---- 

I0'E IO2 

*MOLE RATIOS REFER TO THE N-METHYLANILINE: 
FORMALDEHYDE RATIOS. ME MINES WERE 
FORMULATED WITH THE EPOXY COMPOUND ON 
A I:) EOUIVALENT WEIGHT BASIS. 

F i g u r e  3-3 .  Insulation r e s i s t a n c e  as a function 
of t e m p e r a t u r e  for  N-methylaniline 
formaldehyde cured  Epon X-24.  
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Epoxy Amine 
Amine CH2O 
Eq. Wt. Mole Resin Weight, 

Code Ratio Ratio Designation g rams  Eq. Fi l le r  Cure Schedule 

I C1980-77-1A I 1.5  I 1.60 I X-24 74'C - 3 days Vacuum f i l l  white - 
A I toueh 

Comments 

-77-1 

-77-2 

t 8 hours  a t  Very brit t le a t  
25'C. Light yellow 
tint 

- 74'C - 16 hours  Light yellow tint, 

100'C a t  1OO'C -tough 

1. 1 1.60 X-24 23. 1 0. 136 - 74'C - 16 hours Light yellow tint, 

1. 5 1.60 X-24 23. 1 0. 136 
A 10. 3 0.09 t 8 hours at somewhat flexible 

A 13.8 0. 12 t 8 hours  a t  tough. more  rigid 
100'C than 77-1 but s t i l l  

flexible a t  100°C 

~ 

-78-4 

-80-X1 

I -8O-X3  I 1.0  I - I X-24 17 0 0. 10 Eccospheres  74'C - 48 hours Tough -amber  
C I 1113 10.10 I R 1 color 

5. 0 1.60 X-24 30. 8 0. 20 - 75'C - l 6 h o u r s  No cu re  fluid a t  
A 4. 6 0. 04 t 8 hours  a t  25'C 

100°C 

1 .0  2.00 X-24 17. 0 0. 10 - 74'C - 48 hours  Very brit t le,  
B 11. 3 0. 10 cracked, light 

yellow tint 

-81-X1 1 .0  2 . 0 0  X-24 17. 0 0. 10 - 74'C - 16 Very brittle 
B 11. 3 0. 10 hours cracked 

I C2425-47- I 1.0  I 1.45 1 X-24 18 7 0. 11 
F I 13:2 10.11 1 

-80-X2 

-73-1.2 

I 75'C -21 hours  Very tough, ve ry  
1OO'C - 3 h o u r s  light color 

1.0 2.00 X-24 17. 0 0. 10 Eccospheres  74'C - 16 hours Vacuum fill 
B 11.3 0. 10 R cracked 

1.0 1.60 X-24 34. 0 0 .20  - 74'C - 16 hours Tough, vacuum 
D 23. 4 0. 20 in N2 - 140'C fill,  amber  color 

3 hours  vacuum 

-60-3 1 1 .0  1 1.38 1 Xi24  1 1:: i i  1 A1203 1 hours 85'C -21. 5 1 Fi l le r  was vibrated 
full and impreg-  

100'C - 6  hour s  nated. No voids, 
good specimen I 

I 85'C - 16 hours No voids, some 
1OO'C - 6. 5 
hours  unmixed amine 

evidence of 

85'C - 18hours  
1 OO'C - 6. 5 
hours  

Clear  no voids, 
good specimen 

-60-4 I 1 .0  1.30 1 Xi24  ; ; : i  :: :: 1 A1203 1 85°C - 16 hours  1 Fi l le r  vibrated in 
but only about 95 
percent filled, no 
voids 

100°C - 6  hours  

Table 3 - 3 .  Composition of N -methylaniline formaldehyde 
cured epoxy r e s i n s .  
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Code 

Amine 
CH2O 
Mole 
Ratio 

1. 38 

EPOXY 
Amine 

Eq. Wt 
Ratio 

1. 0 

Weight 
gram 

18.7 
12.6 

Resin 
De signation 

X-24 
G 

Eq. - 
0.11 
0. 11 

F i l l e r  Cure  Schedule Comments 

C2425-61-5 85'C - l a h o u r s  
1OO'C - 6 hours 

85'C - 16 hours  
100°C - 6 hours 

No voids, good 
specimen 

No voids, some 
packing of fi l ler  
at  bottom 

-61 -6 1.0 1.38  X-24 
G 

18.7 
12.6 

0.11 
0.11 

"00" smoked 
sil ica,  31. 3 g 

-61 -7 X -24 
G 

0. 11 
0.11 

- 
0. 11 
0. 11 

"00" smoked 
sil ica,  62. 6 g 

85'C -2Ohours 
100°C - 6 hours 

No voids, some 
packing of fi l ler  
a t  bottom 

No voids, good 
specimen 

1.0 

1. 0 

1. 38 

1. 30 

18. 7 
12. 6 

18. 7 
12. 6 

-61 -8 X-24 
H 

85'C - 17. 5 
hours 
1OO'C - 6 h o u r s  

-61 -9 1 .0  1. 30 X -24 
H 

18 .7  
12. 6 

0. 11 
0.11 O3 85'C - 16 hours  

1OO'C - 6 hours 
F i l l e r  vibrated ir 
no voids,  good 
specimen 

-61-IC 1. 0 1.38 X-24 
G 

18. 7 
12.6 

0. I1  
0. 11 

Eccospheres  
R 

85'C - 20 hours  
IOO'C - 6 hours 

F i l l e r  vibrated i r  
couldn't impreg-  
nate sample. 
Not usable 

-62-11 X -24 
H 

0.11 
0.11 

- 
0.11 
0.11 

E c  co sphere  s 
R 

85°C - 18 hours 
100°C - 6 hours  

F i l l e r  vibrated ir 
couldn't impreg-  
nate sample. 
Not usable 

1. 0 

1 .0  

1. 30 

1. 30 

18. 7 
12. 6 

18.7 
12.6 

85.C - 15. 5 
hours  
IOO'C - 6 hours 

-62-12 X-24 
H 

"00" smoked 
sil ica,  62.6 g 

No voids, good 
specimen 

-62-13 1.0 1. 38 X -24 
G 

18.7 
12. 6 

0.11 
0.11 

Eccosphere s 
R, 8 g  

85°C - 17 hours 
1OO'C - 6 hours  

One smal l  cavity 
but was filled 

-62-14 1.0 1. 30 X-24 
H 

18. 7 
12. 6 

0.11 
0.11 

Eccospheres  
R, 8 g  

85'C - 20hours  
1OO'C - 6 hours 

Severa l  cavit ies,  
but were filled 

-67-2 X-24 
I 

0 .11  
0.11 

0. 11 
0.11 

- 
85'C - 17hours  
1OO'C - 6 h o u r s  

No voids, good 
specimen 

18. 7 
12.6 

18 .7  
12. 6 

1. 0 

1 . 0  

1. 0 

1. 59' 

1.38' 85'C - 16 hours 
100'C-6 hours 

No voids, good 
specimen 

-67-3 X-24 
J 

-67 -4  X -24 
K 

18. 7 
12. 6 

0.. 1 1 
0.11 

85'C - 16 hours  
1 O O ' C  - 6 hours  

No v o i d s .  good 
specimen 

-67-5 1. 0 1. 59' X-24 
I 

18.7 
12.6 

0.11 
0.11 

- 
0.11 
0.11 

"00" smoked 
iilica. 62. 6 g 

85'C - 6 5 h o u r s  
1OO'C - 3 hours  

No voids,  some 
settling of fi l ler  

-67 -6 X -24 
J 

"00" smoked 
silica. 62. 6 g 

85'C -64hours  
IOO'C - 3 hours 

18.7 
12. 6 

18. 7 
12.6 

1 . 0  

1. 0 

1.38' 

1. 38' 

No voids, some 
settling of fi l ler  

No voids, some  
settling of fi l ler  

0.11 
0.11 

-67 -7 X -24 
K 

"00" smoked 
silica, 62. 6 g 

85'C - 63  hours 
1OO'C - 3 hours  

Code: 
X-24 = Epon X-24 (Shell Chemical Co.) 

A I C2425-15B; B = C2942-31A; C = C2942-31B; D = C1961-55~ ;  F = C2425-46; C = C2425-59A; H:C2425-59B; 
I .-: C2425-65A; J I C2425-65B; K = C2425-66C; I,  J, K a r e  derived f rom uninhibited formaldehyde; 
L I 4, 4' -diaminodiphenylmethane. 

Table 3 - 3  (cont inued) .  
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25'C 

5 x 1 0 ~  

> l o 7  

> 107 

1OO'C 125'C 

1 x 1 0 ~  1 x 1 0 ~  

3X106 

l X 1 o 7  2 x 1 0 ~  

0.3 

0. 1 

0.2 

0. 4 

0.6 

0.2 

1 . 0  

0. 1 

7. 1 

9. 0 

2 . 4  

0 .9  

0.7 

0. 50 

1. 5 

1.7 

1 . 0  

0.6 

15. 9 

15. 2 

-60-3  

-60-4  

-61-6 

-61-7 

-62-12 

-67-5  

-67-6 

-62-13 

-62-14 

6 . 7  

6 . 9  

5. 4 

6. 3 

6. 1 

6. 2 

6.2 

4. 1 

4. 1 

T i m e ,  hour 20 2 1  57 8 3  

Temperature, 'C 25' 25" 100' 125' 

Pressure  [torr) 760 6 ~ 1 0 - ~  9X I O e 6  4X10-6  

Dielectric constant [at 1 kc) 4. 1 4. 1 4.4 4.9 

Insulation resistance, megohms 2 X l o 4  > I  X l o 7  1 X l o 5  1 X I O 3  

Dissipation factor, percent 0. 74 0. 74 0. 76 1. 8 

105 178 

150' 150. 

1 X  3X10-6  

4.7 4. 7 

0. 8 X 10' 

8. 0 7. 4 

1 X l o 2  

~~ I Dielectr ic  Constant 
at 1 kc 

- 

Ratio * - - 
1. 45 

1. 60 

- 

Diss ipat ion F a c t o r ,  
Dercent 

Insulation Res is tance ,  
m e g o h m s  a t  500 VDC - 

150'C - - 
4. 4 

- 
125'C - - 
4. 3 

- 
25'C - - 
0. 5 

F i l l e r ,  
percent 

- 

3. 9 

4. 1 

4. 1 

- 
0. 5 0. 2 - 

4. 1 

4. 1 

- 
4. 3 

4. 2 

0. 5 

0. 5 

0. 1 

0.2 

3 x 1 0 ~  

4 x 1 0 ~  

4x  1 o3 

1 x 1 0 ~  

- 

1. 38 

1. 30 

4. 2 

4.2 

4. 2 

4.2 

4. 7 

4. 5 

0. 8 

0. 7 

0. 1 

0. 1 

0 .5  1 3 . 5  1.594: 

1.38+ 

6. 8 

7. 0 

5. 4 

6. 4 

6. 0 

6. 3 

6. 2 

4. 3 

4. 3 

- 

- 

- 

6. 8 

7 .0  

5. 5 

6. 5 

6 .2  

6. 5 

6. 3 

4.4  

4.2 

- 

- 

- 

6.9 

7 . 1  

0. 2 

0. 2 

0. 1 

0. 1 

76 A'  

76 A '  

1.38 

1. 30 

5 . 5  

6 .6  

6. 4 

6.9 

6. 4 

4. 9 

4. 9 

- 

- 

0. 4 

0. 3 

0. 3 

0. 3 

0. 4 

1. 1 

1. 0 

- 

- 

0. 1 

0. 1 

0. 1 

0. 1 

0. 1 

4.9 

4. 2 

- 

- 

4x 1 o4 

2 x 1 0 ~  

6X104 

4x1o3 

2 x 1 0 ~  

50 B' 

67 B' 

67 B' 

67 B o  

67 B' 

1. 38 

1.38 

1. 30 

1. 514: 

1.38+ 

1. 38 

1. 30 

- 
6x103 

3x113~ 

20 C '  

2 0  C '  

A '  -a lumina 

B' - "00" smoked s i l i c a  

C '  - E c c o s p h e r e s  "R" 

- Uninhibited formaldehyde w a s  used in preparing th is  curing agent 

- R a t i o  r e f e r s  to the N-methylaniline to formaldehyde ratio - a l l  e p o x i e s  w e r e  C 
formulated s to ichiometr ica l ly  

Table 3-4. Dielec t r ic  p rope r t i e s  of va r ious  N-methylaniline formaldehyde 
cured  epoxy res ins . .  

Table 3 -5. Dielectr ic  p rope r t i e s  of N -methylaniline formaldehyde cured 
Epon- X -24  under high vacuum. 
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I 
I *  
8 

8 
8 
I 
1 
8 
8 
a 
1 
1 
8 
8 
8 
1 
1 
I 

a 
Amine 
Epon 

Eq. Wt. 
Rat io  

1:l 

Seve ra l  physical  p rope r ty  m e a s u r e m e n t s  have a l so  been made  on 

the 1. 30 mole ra t io  N-methylaniline formaldehyde cured  Epon X-24. 

amine  was  der ived f r o m  inhibited formaldehyde. The  r e s u l t s  are c o m -  

p a r e d  to those obtained with a 1.60 mole  ra t io  condensation product  and 

a r e  tabulated below. 

The 

Methylaniline Compress ive  
Formaldehyde  Strength,  

Ra t  io psi  

1. 30* 15,400 

T e n s i l e  
S t rength  , 

ps i  

14 ,100  

l : l  I 

Elastic 
Modulus, 

p s i  
6 1 . 1  x 10 

1.60* 12 ,200  14, 500 6 3 . 7  x 10 

*ResinNo.  C2425-59B 

ResinNo.  C2425- 15B 

Other  physical  t e s t  da ta  on the 1. 60 mole  r a t io  product  include 

the following: 

1. 

2.  

3 .  

4. 

5. 

6. 

Elongation: 10 percent  

Compress ive  yield strength: 5640 psi  

Modulus of e las t ic i ty:  1. 2 X 10 ps i  

T h e r m a l  conductivity: 3. 46 X 10 c a l / s e c / c m  / " C / c m  

Coefficient of expansion: 
a. Between 25" and 100°C: 0. 639 X i n / i n / " C  

b. Between -75" and 25°C: 0. 502 X i n / in / "C  

Weight loss at 2 X 10 

150°C): 0. 11 percent  

6 
-4 2 

-6 t o r r  (> 178 hour s  total ,  > 73 hour s  a t  

Also studied was  the r e s i s t ance  of two N -methylaniline formalde  - 
hyde cu red  Epon X -24 spec imens  to ethylene oxide-Freon  mixtures .  

T e s t s  w e r e  conducted according to the new Voyager specifications.  

Resu l t s  of t hese  t e s t s  a r e  shown in the following tabulation. 

59 



Amine 
Epon 

Eq. Wt. 
Rat io  

Change After 
Six 2 4 H o u r  Cycles  

a t  40°C 
M e  th ylaniline 
Formaldehyde  P e r c e n t  P e r c e n t  

Ratio Weight Volume 

1. 38 to. 163 -0. 03 

1. 30 to. 144 t o .  45 

1: 1 

1:  1 

Change After 
168 Hours  
a t  135°C 

P e r c e n t  P e r c e n t  
Weight Volume 

-0. 108 -0.71 

-0. 104 t o .  45  

Microwave frequency d ie lec t r ic  t e s t s  w e r e  a l s o  c a r r i e d  out using 

a specimen of N-methylaniline formaldehyde (1. 30 mole ra t io)  cured  

Epon X-24 which had been machined to a flat d i sc  2. 135 inches d i ame te r  

by 0. 333 inch thick to allow permi t t iv i ty  m e a s u r e m e n t s  in an X-band 

resonant  cavity d ie lec t rometer .  
of an  es t imated  d ie lec t r ic  constant of 4. 0 to provide a half-wave ( x / 2 )  

specimen.  

(2. 1609 inches) .  

The thickness  was chosen  on the  basis 

The  d i ame te r  w a s  chosen to conform to  the cavi ty  d i ame te r  

Volume res i s t iv i ty  was  m e a s u r e d  with a 3-electrode sys t em as 

p e r  Specification ASTM D 257-61, using polished copper  e l ec t rodes  

f i r m l y  p r e s s e d  against  the specimen.  

e lec t rode  was  10 c m z  and the t e s t  voltage was  100 volts dc. 

readings  w e r e  essent ia l ly  constant  4 minutes  a f t e r  application of voltage. 

Permi t t iv i ty  m e a s u r e m e n t s  w e r e  made  at 9. 28 GHz (9 .28  X 10 

cyc le /  s e c )  in  a n  invar  var iab le  -length cavity r e  sonator operat ing between 

TE014 and TE015 
out the specimen.  

spec imen d ie lec t r ic  constant.  

with the specimen in the cavi ty  is a m e a s u r e  of the d i e l ec t r i c  l o s s e s  

in the specimen. 

a t u r e  of 23"C,  67"C, then a t  23OC again.  

presented in the following table.  

Contact a r e a  of the guarded 

C u r r e n t  

9 

modes.  The cavity is  tuned to resonance  with and with-  

The shift in resonance  length is  a function of the 

The  half -power bandwidth a t  resonance  

Measuremen t s  w e r e  made  at a spec imen t e m p e r -  

Resul t s  of these  tests a r e  
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Temp.  
OC 

23 
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23 ::: 

D C  Volume 
Res i s  tivity - 

ohm c m  

Loss Die lec t r ic  
Constant Tangent 

15 3.26 0.053 1.4 x 10 

3.66 0.145 

3.27 0.053 

The complex permit t ivi ty  of the d i e l ec t r i c  specimen is defined by: 

where  E '  and E "  a r e  the r e a l  and imaginary  components respect ively.  

Values re la t ive  to vacuum (permit t ivi ty  = c o )  a r e  defined by: 

- -  
w h e r e  e ' ,  e " ,  and tan 6 denote the re la t ive  d i e l ec t r i c  constant ,  re la t ive  

loss fac tor ,  and loss tangent,  respect ively.  

Since the permit t ivi ty  of a i r  (E ) i s  a lmost  but not quite the a i r  
s a m e  a s  that of vacuum, d i e l ec t r i c  constant values of a specimen 

re la t ive  to air are approximately the s a m e  a s  those re la t ive  to vacuum. 
The permit t ivi ty  of air  v a r i e s  with s e v e r a l  fac tors  including humidity 

content and t empera tu re .  The values of specimen d ie l ec t r i c  constant 

repor ted  he re in  a r e  re la t ive to air, that i s ,  

- 
E' = E '  specimen" ' a i r .  
s ,  a i r  

The loss  tangent, defined by 
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is equivalent to the diss ipat ion fac tor .  

is often expres sed  as a percentage.  

The la t te r ,  fo r  convenience,  

Calculation of the spec imen re la t ive  d ie lec t r ic  constant was  

m a d e  by m e a n s  of the following express ion:  

w h e r e  

p 
p 

= phase constant in  specimen, 

= phase constant in cavity (guide),  and 
S 

R 
k = t r a n s v e r s e  wave number  

g 
The value of p 

wavelength, A by: 

w a s  calculated f r o m  the m e a s u r e d  guide 

g' 

21T lT 

p g - x  g - TE015 - TE014 
- -  - 

The value of k is de te rmined  by: 

1 k = -  
X 

a 

w h e r e  a is the cavity rad j  IS, and x 

of the B e s s e l  function J (x). 

is eq 

1 

( 3  -4) 

(3-5)  

( 3  - 6 )  

tal to 3.8317, the l ea s t  root 

The  value of p, was  calculated f r o m  the following t ranscendenta l  

e quat ion,  

tan psb tan p (X - b) 
- - -  

P S b  kb 
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where  X = e - L, l is the T E  

cavity,  and L is the length of the empty cavity in the T E  

resonance length with spec imen in the 0 15 
mode  014 

F o r  low - loss  spec imens  ( tan 6 << l ) ,  Equation (‘3 -4) s impl i f ies  to: 

N T’ - 
s ,  air  (3-8)  

Die lec t r ic  constant values  obtained with Equation ( 3  -8) w e r e  used in 

Equation ( 3 - 9 )  to calculate  the lo s s  tangent. 

values  w e r e  then used in Equation ( 3 - 4 )  to obtain co r rec t ed  values  of 

re la t ive  d i e l ec t r i c  constant.  

In turn these  lo s s  tangent 

Loss tangent was  calculated by: 

( 3  - 9 )  

where  p 
th ickness ,  re la ted  to the ac tua l  thickness ,  b, by 

is the f r e e - s p a c e  phase constant,  b’ is a modified spec imen 
0 

s in  2 p s b  

” = b ( L  - 2 p s b  ) 
B is given by: 

(3-10) 

(3-11)  

and C is  a (measu rab le )  co r rec t ion  t e r m ,  genera l ly  s m a l l  with r e s p e c t  

to 4( ,  the half-power bandwidth of the resonance  peak. 
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EXPERIMENTAL 

Synthesis  of Bis(  methy1amino)diphenylmethane (C2942 -3 1 ) 

N-Methylaniline (172 g, 1. 61 m o l e s )  was  dissolved in concentrated 

hydrochlor ic  acid (72 ml, 0. 84  mole )  and the mix tu re  was  cooled to 

3 f 2°C. 

while maintaining the t empera tu re  between 0 - 5°C. 

w a s  completed the t empera tu re  was  maintained below 5°C for one hour. 

The  reac t ion  mixture  w a s  then heated to boiling and refluxed for  10 hour s  

under  a nitrogen a tmosphere .  

and its pH was  adjusted to  7 by the gradual  addition of aqueous NaOH 

solution (20 percent) .  

benzene, and the benzene solution was  washed with dilute a lkal i  (10 p e r -  

cent  NaOH), followed by disti l led wa te r ,  After  drying with potass ium 
c a r b o n a t e  the  benzene  w a s  r e m o v e d  by s imple  d is t i l l a t ion  and the  a m i n e  

was r ecove red  on a molecular  s t i l l .  An at tempted s imple disti l lat ion of 

the amine  a t  1-2 t o r r  and 170°C proved unsat isfactory (only 6. 2 g of 

unreacted N -methylaniline w a s  recovered) .  Disti l lat ion at 10 t o r r  

and 100-130°C followed by a subsequent dist i l lat ion a t  150-160°C at 

Aqueous formaldehyde (64  g, 37 pe rcen t )  was  then added slowly 

After the addition 

It was  then diluted to 1500 ml  with water  

The  precipi ta ted amine  w a s  then extracted with 

- 3  

t o r r  yielded 153 g (85 pe rcen t )  of a light yellow mixture  of 

bis(methy1amino)diphenylmethane i s o m e r  s. 

31A. 

Th i s  portion was  designated 

The  nonvolatile f rac t ion  (25  g )  w a s  designated 31B. 

N -Methylaniline Formaldehyde  P r e p o l y m e r  (C2425 - 15A) 

N-Methylaniline (172 g, 1. 6 1  m o l e s )  w a s  dissolved in concentrated 

hydrochlor ic  acid (72 ml, 0. 84  mole )  and w a s  cooled to  0-5°C. Aqueous 

formaldehyde solution ( 3 7  percent ,  80 g, 1. 00 mole,  stabil ized with 

10-15 percent  methanol)  was  then added dropwise  to the amine  solution 

over  a half hour per iod while maintaining the  t e m p e r a t u r e  a t  0-5°C. 

After  completion of the addition the s a m e  t empera tu re  was  maintained 

for  one hour.  

hours  and af te r  cooling it w a s  diluted threefold.  

acid was  added to yield a c l e a r  soluti’on. 

NaOH) was  added dropwise,  while s t i r r i n g  vigorously,  unti l  the final 

The reac t ion  mixture  was  then heated by ref lux for 8 -1 /2  

Sufficient hydrochlor ic  

Then dilute a lkal i  (L=- 15 percent  
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pH was  8. 

and benzene (500 ml) and the organic  phase which separa ted  was 

washed with a lka l i  (20 pe rcen t  NaOH). 

solution was  d r i ed  over  N a 2 C 0  and  f i l t e red .  Solvents w e r e  then 

removed by vacuum dis t i l la t ion (up to  135°C at 2 t o r r )  yielding a d a r k  

a m b e r  polyamine weighing 167 g (91 percent) .  

The precipi ta ted solid was  diluted with ethanol (100 ml) 

After  t h r e e  water  washes  the  

3 

A second batch was p repa red  under  ni t rogen by a modified p r o -  

cedure  using p u r e r  reagents  (C2425-15B). 

presented  below. 

Details of this  r e r u n  a re  

N-Methylaniline (186 g ,  1 .74  moles) ,  which was  f r e s h l y  dis t i l led 

under  ni t rogen,  was  dissolved in concentrated hydrochlor ic  ac id  (8 0 

ml, 0. 93,mole) while maintaining a ni t rogen a tmosphe re ,  The  solution 

was cooled to 0°C and uninhibited fo rma l in  (37 percent  CH20 ,  88 g ,  1 .09  

m o l e s )  was  slowly added while maintaining the t empera tu re  at 0-5°C. 

Upon completion of the addition the t e m p e r a t u r e  was maintained f o r  

1 hour ;  then the mix tu re  was  heated to  re f lux  for  10-11 hours .  The  

solution was  then diluted threefold with water  and benzene (-350 ml) 

was  added. 

10  pe rcen t  NaOH solution. The benzene l aye r  was col lected,  thoroughly 

washed with wa te r ,  and d r i e d  with NaZCO3. Benzene was then  removed 

under  ni t rogen at ambient  p r e s s u r e  followed by vacuum (4 t o r r )  at 

135°C.  

of theoretical). 

It was  then neut ra l ized  to  a phenolphthalein end point using 

The v e r y  light tan co loredproductweighed  192 g (95 pe rcen t  

N -Methylaniline Formaldehyde  (C2425 -43) 

F r e s h l y  dis t i l led N-methlylanil ine (266 g,  2.49 m o l e s )  was  

dissolved in concentrated hydrochlor ic  acid and the mixture  was 

cooled to -5°C. F o r m a l i n  (152 g, 1. 87 mole ,  37 pe rcen t ,  uninhibited) 

w a s  then  added while maintaining the t e m p e r a t u r e  at 5 5 ° C .  

the  addition was  completed the reac t ion  mixture  was maintained a t  

5 f 5°C for  1 e x t r a  hour .  

at ref lux for  8 hour s .  

the c o u r s e  of the r eac t ion  in the hope of redissolving a l a rge  mass of 

congealed m a t e r i a l ;  however ,  th i s  was not too successfu l .  When the 

Af ter  

It was then heated to  boiling and maintained 

Water (100 ml) was  added t o  the mixture  during 

65 



mixture  was cooled and the fluid phase decanted the la rge  m a s s  of 

polymer was successful ly  dissolved in concentrated hydrochlor ic  acid 

(approximately 150 ml). 

recombined and, a f t e r  diluting twofold with water ,  were  t r ea t ed  with 

20-25 percent  sodium hydroxide solution, Prec ip i ta ted  polymer was 

then dissolved in a mixture  of ethanol and benzene and the solution was 

washed with a 10 percent  sodium hydroxide solution and then twice with 

water .  After drying azeotropical ly ,  the solvents w e r e  removed under  

vacuum while allowing the pot t empera tu re  to approach  175" C gradual ly .  

Because of i t s  hazy appearance ,  however,  the polymer was r e d i s -  

solved i n  methylene chlor ide,  f i l tered;  reconcent ra ted  under  vacuum 

( to  175OC) and finally cooled to a res inous  mass. 

Both dissolved polymer phases  were  then 

N -Methylaniline Formaldehyde (C2425 -46) 

Concentrated hydrochlor ic  ac id  was gradual ly  added to ice  cold 

f r e sh ly  dis t i l led N-methylaniline (334 g, 3. 12 moles ) .  The solution 

was thencooled to  0°C and the t e m p e r a t u r e  maintained between 0-5°C 

while uninhibited formaldehyde (174 g ,  2 .  14 moles ,  37 percent )  was 

gradual ly  added. 

p e r a t u r e  was maintained at 0-5°C for  1 hour .  

ref lux fo r  8 hour s  and then cooled. 

w a s  added and the solution was t r ea t ed  with excess  aqueous sodium 

hydroxide. The benzene phase was sepa ra t ed ,  washed twice with 

wa te r ,  d r i ed  azeotropical ly ,  cooled, and f i l t e red .  Solvent was then 

removed under vacuum ('5 t o r r )  while gradual ly  heating to 180°C. 

The viscous cooled product weighed 320 g (90 percent  yield).  

Af te r  the  addition was completed the solution t e m -  

It was then heated a t  

After  2 days benzene (500 ml) 

P repa ra t ion  of N-Methylaniline Formaldehyde P r e p o l y m e r s  
(C2425-59 A&B) 
~ 

C2425-59A is  fo r  the 1. 38 mole  r a t io  prepolymer .  Fo rma l in  

(230 g, 37 percent ,  2 .84  moles  inhibited) was added to a solution of 

red is t i l l ed  N-methylaniline (419 g ,  3.92 moles)  in aqueous hydrochlor ic  

acid (163 ml, 12 mola r ,  0.96 mole )  while maintaining the t empera tu re  

a t  0-5°C. Af te r  1 to 1-1 /2  hours  a t  this  t empera tu re ,  the mixture  was 
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heated a t  re f lux  for  8 hours .  

the pH adjusted to  8-10 with sodium hydroxide solution (47 g/200 ml 

H 2 0 ) .  
with wa te r ,  d r i ed  azeotropical ly ,  f i l t e red ,  and concentrated under 

vacuum (8 t o r r )  while the t empera tu re  gradual ly  r o s e  to  180°C. 

product  weighed 390 g and melted a t  40-45°C. 

pe rcen t  yield. 

Toluene (700 ml) w a s  then added and 

After  cooling, the toluene phase w a s  separa ted ,  washed twice 

The 

It represented  an 85 

C2425-59B r e p r e s e n t s  a 1.30 mole  r a t io  product.  The s a m e  

procedure  w a s  used  in this  prepara t ion  except that  217.5 g of N-methyl-  

ani l ine (2 .  03 mole) ,  126.8 g of fo rma l in  (1.564 mole )  and 85 ml of 

concentrated aqueous hydrochlor ic  ac id  (1.02 mole )  were  used.  

product weighed 212 g, melted at 53-69°C and was  88 percent  of 

the o r  e t  ical .  

The 

C2425-65A r e p r e s e n t s  a 1.59 mole r a t i o  product der ived f r o m  

uninhibited formaldehyde.  

was obtained f r o m  the hydrolysis  of 200 g of paraformaldehyde in 

500 ml of water  and 10 ml of concentrated hydrochlor ic  ac id .  

of the hydrolyzed paraformaldehyde w e r e  used in the  next two prepara t ions .  

This reac t ion  was c a r r i e d  out the s a m e  as the first two except for  the 

reac tan t  quant i t ies ,  namely 

The formaldehyde used in th i s  prepara t ion  

Aliquots 

N-Methylaniline, 172 g, 1,  61 moles  

Forma l in  (28. 2 percent ) ,  108 g, 1.015 moles  

Twelve mola r  HC1, 61 ml, 0.73 mole 
A yield of 166 g (89 pe rcen t )  of light amber product w a s  obtained. 

C2425-65B r e p r e s e n t s  a 1 .38  mole  r a t io  product der ived f r o m  

uninhibited formaldehyde. The r eac t an t s  used were  

N-Methylaniline, 204 g,  1.91 moles  

Forma l in  (28. 2 pe rcen t ) ,  147 g, 1. 38 moles  

Twelve mola r  HC1, 79 ml, 0. 95 mole 

A yield of 206 g (84 pe rcen t )  was obtained. 

C2425-66C is the s a m e  as 65B above. 
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4. SILOXYURETHANES 

DISCUSSION 

An investigation h a s  been c a r r i e d  out on the synthes is  of 

siloxypolyols suitable for  formulat ing s i loxyurethanes with good d ie lec-  

tr ic p rope r t i e s ,  low t e m p e r a t u r e  flexibil i ty,  low outgassing c h a r a c t e r  - 
i s t i c s  in high vacuum, s ter i l izabi l i ty ,  etc. This  combination of 

p rope r t i e s  is r equ i r ed  f o r  conformal  coatings sui table  f o r  a e r o s p a c e  

applications.  

E a r l i e r  work  on  s i loxyurethanes which was  c a r r i e d  out under  th i s  

p r o g r a m  was  d i rec ted  toward the synthesis  of siloxypolyols f r o m  t r i -  

methylolpropane and dimethyldiethoxysilane.  It w a s  observed in the 

c o u r s e  of th i s  work,  however,  that s table  homogeneous polyols w e r e  

obtained only when the siloxypolyols contained l e s s  than th ree  repeat ing 

dimethyl  si loxane units. Unfortunately, however,  much longer si loxane 

moie t ies  w e r e  r equ i r ed  to produce s i loxyurethanes having a sufficiently 

l a rge  percentage  of si l icone content to exhibit suitable d i e l ec t r i c  

p rope r t i e s .  

1 

Work was ,  therefore ,  subsequently d i rec ted  toward the inves t i -  

gation of o ther  siloxypolyols der ived f r o m  e i ther  t r imethylolpropane o r  

bi  s ( h  ydr  oxymethy1)d iphen yloxid e and d iphenyldiethoxy s i lane,  phenyltr  i - 
ethoxysilane and / o r  methylphenyldiethoxysilane.  

syntheses  are i l l u s t r a t ed  below: 

T h r e e  of t hese  

Q 
t H 2 0  t 2 C2 Hs- 

I -C2H50H 
CH20H 
.C- CH2OH 
C€ 
I H t  

HOCH- 

IZOH HOCH, \ i\, / CH20H 

Norman Bilow, Development of Improved Ster i l izab le  Pot t ing and 1 
Encapsulat ing Compounds for  Space Applicat ions,  2nd Annual S u m m a r y  
Repor t  NAS 8-5499, 1965. 
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H+ 

CH-C-C2H5 
2 1  

H 2 0  C2H5- C - CH2-0 
CH20H 
I 

CHZOH I CH20H 
2 5  I - c Z ~ 5 ~ ~ -  I 

CZH5-O-Si-0-C H t C2H5-C-CH20H 

CH3 

HO-CH2-Q-O-Q-CH20H t C2H50-Si-OC2H5 8 t H 2 0  H+ C 

I 

In the reac t ions  of t r imethylolpropane with diphenyldiethoxysilane, 

stable,  completely homogeneous polyols general ly  could not be obtained 

r e g a r d l e s s  of the r a t io  of r eac t an t s  and the degree  of polymerization. 

The products  were  t rans lucent  heterogeneous waxes. 

s i lane and methylphenyldiethoxysilane on the o ther  hand were  capable of 

forming homogeneous polyols f rom th i s  t r iol .  Siloxyurethanes which 

were  subsequently derived f rom these  la t te r  polyols by react ion with 

conventional isocyanate prepolymer s such as Adiprene L-100, Adiprene 

L-315, o r  diphenylmethane -4, 4 '-diisocyanate,  w e r e  often c l e a r  light 

colored tough r e s i n s  o r  e l a s tomers .  

however, never  sufficiently good to m e e t  the objectives of this  p r o -  

gram. 

Phenyltriethoxy- 

The i r  d ie lec t r ic  p rope r t i e s  were ,  

They might of cour se  have o ther  uses .  
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The most  promising of these m a t e r i a l s  were  those der ived f rom 

1 , 4  bis(hydroxymethy1)diphenyloxide. 

of study because i t s  s t e r eochemis t ry  was such a s  to lower i ts  tendency 

to fo rm cyclic condensation products  like the cyclosiloxanes when 

reac ted  with alkoxysilanes.  

of the i r  l ack  of functionality and the i r  inability to polymerize when 

reac ted  with the isocyanates .  As unpolymerized compounds, therefore ,  

these cyc l ics  would tend to outgas in the high vacuum of outer  space if  

they remained in  the polymer ma t r i ces .  

This  diol  was considered worthy 

Cycl ics  a r e  of cour se  undesirable  because 

Of the var ious  1, 4-bis(hydroxymethyl)diphenyloxide condensation 

products  invest igated,  only those der ived  f r o m  2 moles  of the diol and 

one mole of methylphenyldiethoxysilane cured completely upon reac t ion  

with the var ious  polyisocyanates.  

s i loxyurethanes w e r e ,  however,  not sufficiently good a s  to meet  the 

object ives  of t h i s  program.  

Dielectr ic  t e s t s  c a r r i e d  out on these  

The  r eac t an t s  used in prepar ing  the var ious  siloxypolyols a r e  

presented  in Tables  4-1 and4-2. Composition of the s i loxyurethanes a r e  

presented in  Table 4-3 anddie lec t r ic  p rope r t i e s  a r e  presented  in  Table 4-4.  

Acid catalyzed condensations of the alkoxysilanes with the t r imethylo l -  

propane and bis(hydroxymethy1)diphenyloxide were  c a r r i e d  out in vacuum 

while removing evolved ethanol a s  it was formed.  The condensation p r o -  

ducts  w e r e  then equilibrated a t  higher t e m p e r a t u r e s  before  use .  

S e v e r a l  isocyanate  prepolymers  w e r e  a l so  p repa red  by the addition 
of a twofold excess  of diphenylmethanediisocyanate to s e v e r a l  of the 

b is  (hydr oxym e thy1)diphenyloxide based s iloxypolyols . 
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1 
. I  

I 
1 
1 
I 
1 
I 
I 
I 
1 
I 
1 
I 
1 
1 
I 
I 
1 

C o m p o s i t i o n  
E t h a n o l  

R e m o v e d  
Code  

R e a c t a n t s  
~ o m m e n t s * * *  

Off w h i t e  
m i l k y  c o l o r ,  
t a c k y  a n d  
opaque  so l id .  

Weigh1 
g *  

23  
10.5 

5 d p s  

23 
1 4  

6 d p s  

yo T h e o r y  A c t u a  I g-  I g. 
Actual  

g. 

28.2 

29.3 

HMDPO* 
MPDES** 
A c e t i c  Ac id  

C 2 4 2 5 -  18-  1 

C 2 4 2 5 - 1 9 - 2  Light  p e a  
g r e e n  c o l o r ,  
t r a n s l u c e n t  , 
t a c k y ,  a n d  
v e r y  v i s c o u s  
l iqu id .  

H M D P O  
M P D E S  
A c e t i c  Ac id  

0.2 30.84 
0.134 

0.2 35.7 
0.2? 

0.2 35.7 
0.2 
0.10 

0.2 28.9 
0.1 

0.2 42.5 
0.3 
0.2 

0.2 49 .3  
0.4 
0.3 

0.2 32.6 
0.15 

0.6 107 .1  
0.6 
0.3 

0.6 86.7 
0.3 

HMDPO 
M P D E S  
A c e t i c  Ac id  

A m b e r  c o l o r ,  
t r a n s l u c e n t ,  
t a c k y  a n d  
v e r y  v i s c o u s  
l iqu id .  

34.5 

33.4 

CZ425-  19 -32 

C2425-14-31 

23  
17.3 

7 d p s  

23  
21 

0.9 
7 d p s  

H M D P O  
M P D E S  

A c e t i c  A c i d  
H2O 

A m b e r  c o l o r ,  
t r a n s l u c e n t ,  
t a c k y  a n d  
v e r y  v i s c o u s  
l i qu id .  

Pea green 
color, t a c k y ,  
t r a n s l u c e n t  
and  s o l i d .  

C 2425 - 20 - 21. HMDPO 
MPDES 
A c e t i c  A c i d  

23 
10.5  

5 d p s  

27.0 

C 2 4 2 5 - 2 0 - 4  H M D P O  
M P D E S  

A c e t i c  A c i d  
H 2 0  

23  
31.5 

1.8 
0 d p s  

41.5 L i g h t  a m b e r  
c o l o r ,  c l e a r ,  
t a c k y  a n d  
l i qu id .  

L ight  p e a  
g r e e n  c o l o r ,  
t r a n s l u c e n t ,  
t a c k y ,  a n d  
v e r y  v i s c o u s  

A m b e r  c o l o r  
t a c k y ,  t r a n s -  
l u c e n t ,  a n d  
so l id .  

H M D P O  
M P D E S  

A c e t i c  A c i d  
H2O 

4 9 . 8  

31.7 

108.0 

23  
42 

2.7 
9 d p s  

23  
16  

7 d p s  

69 
63  

2.7 
10  d p s  

C 2 4 2 5 - 2 0 - 5  

C 2425 - 20 - 6 

C 2425 -37  - 2  

H M D P O  
M P D E S  
A c e t i c  Ac id  

~~ 

H M D P O  
M P D E S  

A c e t i c  Ac id  
H 2 0  

L i g h t  a m b e r  
c o l o r ,  t a c k y ,  
t r a n s l u c e n t ,  
and  v e r y  
v i s c o u s  
l i au id .  

C 2 4 2 5 - 3 7 - 3  H M D P O  
M P D E S  
A c e t i c  A c i d  

84.9 69 
31.5 
10 d p s  

L i g h t  a m b e r  
c o l o r ,  t a c k y ,  
t r a n s l u c e n t ,  
and  s o l i d  
(no f low) .  

jtBis(hydroxymethy1)diphenyloxide 
"* Methy lpheny ld ie thoxys  i l a n e  

"*React ions  run a t  100°C w i t h  v a c u u m  g r a d u a l l y  f a l l i n g  to = 5  t o r r  
t C o n t a i n s  s o m e  d i m e r  

Table 4-2.  (continued) 
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Sample c l e a r  
Very  soft  

F a i r  
d imens iona l  
s tabi l i ty ,  
rubbe ry  

C2425-37-2"" 
Adiprene  L315 

14.3 0.04 
17.8 0.04 

Very  sof t  
Sample  c l e a r .  

Fair 
d imens iona l  
s tabi l i ty .  

Soft 
Sample  c l e a r .  

F a i r  
d imens iona l  
s tabi l i ty .  

Soft 
Sample  cloudy. 

Fair 
d imens iona l  
s tabi l i ty .  

Adiprene  LlOO 
C1980-57 

30.8 0.03 
2.7 0.03 

Soft 
Sample  c l e a r .  

Good 
d imens iona l  
s tabi l i ty .  

Semi - r ig id  
Sample  cloudy. 

Good 
d imens iona l  
stability. 

I 
I 

C u r e  
Schedule 

Comment  

rubbe ry  

Composi t ion$  Weight Code -78OC" 

C2425-42-  1 16 h r s  a t  75OC 
3 h r s  a t  100°C 

Tough and 
rubbe ry ,  
but did b reak .  ' 

C2425-42-6 16 h r s  a t  75OC 
3 h r s  at 100°C 

Br i t t l e  
a t  -78OC 

C2425-42-7 16 h r s  a t  75OC 
3 h r s  a t  100°C 

C2425-37-2  I 17.0 10.04 
Adiprene  L315 17.8 0.04 

Br i t t l e  

I I 

C2425-44-  1( 16 h r s  a t  75OC 
3 h r s  a t  100°C 

Rubbery  and 
tough, but 
b reakab le .  

C2425-37-2 t  1 16.0 10.04 
Adiprene  L315 17.8 0.04 

I 
C2425-42-8 C2425-37-2"" 1 1;:; 10.033 

C1980-57 0.011 
Adiprene  L315 19.6 0.044 

16 h r s  a t  75OC 
3 h r s  a t  100°C 

Rubbery  and  
tough, 
breakable .  

Rubbery  

1 
C2425-37-2 1 1;:; 10.03 
C 1980-57 0.01 
Adiprene  L315 17.8 0.04 

16 h r s  at 75OC 
3 hrs a t  100°C 

Rubbery  and 
tough, but 
breakable .  

C2425-44-9 Rubbery  
Sample  cloudy. d imens iona l  I rrb:ity. 

C2425-44-11 16 hrs a t  75OC 
3 h r s  a t  100°C 

F lex ib l e  and 
tough. 
Zouldn't 
J reak .  

C2425-37-3  12.2 0.04 
Adiprene  L315 17.8 0.04 

C2425-37-3 10.1 0.033 
C1980-57 1.2 0.013 4-i Adiprene  L315 20.8 0.046 

16 h r s  a t  75OC 
3 h r s  a t  100°C 

Flexib le ,  
but not too 
tough, 
b reakab le .  

C2425-44-  12 

Semi - r ig id  Good 
Sample  cloudy. d imens iona l  

~~ I s t ab i l i t y . -  

C 2425 -44-  1: 16 h r s  a t  75OC 
3 h r s  a t  l O O O C  

F lex ib le ,  
but b r i t t l e ,  
b roke  eas i ly .  

Tough, but 
b reakab le .  

C2425-45-  1' 16 h r s  a t  75OC 
3 hrs at 100°C C 1980-57 

C2425-37 -3  0.025 
C 1980-57 0.010 

S e m i  - r ig id  
and  tough. 
Couldn ' t  
b reak .  

C2425-45-  If 64 h r s  
a t  75OC 

3 h r s  a t  100°C 

Rubbery  F a i r  

s tabi l i ty .  

Rubbery  

s tabi l i ty .  

C 2425 -45 - 1 L 64 h r s  
a t  75Oc 

3 h r s  a t  100°C 

Flexib le  and 
tough. 
Couldn't  
b reak .  

C2425-37-3 
C1980-57 

"Samples  used  w e r e  of s u r p l u s  m a t e r i a l  r e m o v e d  f r o m  the mold used  in  the 4 - rod  p repa ra t ion .  
They  w e r e  about 1 / 4  inch  thick 2 inch  s q u a r e s .  
breakable,would probably  have  s a t i s f a c t o r y  f lexihi l i ty  in thin f i lms  a t  these  low t e m p e r a t u r e s .  

The re fo re  s p e c i m e n s  l i s t ed  as tough, but 

"Theore t ica l  equiva len t  u sed  
?Mean value of t heo re t i ca l  and obse rved  equiva len t  weights 
$Observed  equiva len t  weights  used  except  w h e r e  noted o the rwise  

Table 4-3. Composition of si loxyurethane t e s t  specimens.  
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C2425-21-6 

Adiprene L3 15 
C2425-21-4 

Adiprene L315 
C2425-21-5 

Adiprene L315 
C2425-37-1 *** 
DPMDIC 
C1980-57 
C2425-21-4 

DPMDIC 
C1980-57 
C2425-21-5 

6.34 0.01 a t  75Oc 

2.3 0.005 16 h r s  a t  75OC 
5.2 0.005 3 h r s  a t  100°C 

2.3 0.005 16 h r s  a t  75OC 
5.6 0.005 3 h r s  a t  100°C 

4.45 0.01 16 h r s  a t  75OC 
5.43 0.01 3 h r s  a t  100°C 

2.50 0.02 
0.92 0.01 
4.15 0.01 

2.50 0.02 
0.92 0.01 
4.98 0.01 

45 h r s  
a t  7 5 ' ~  

45  h r s  
a t  7 5 ' ~  

Not cured  

Flexible 

Flexible,  not 
cured  on bottom. 

Very tough, but 
did break. 

Very  tough, but 
did break .  

Adiprene L315 
C1980-57 
C2425-21-4 

Adiprene L315 
C1980-57 

8.9'. I -  - -  ' 

0.9 
4.1- 

6.67 0.015 16 h r s  a t  75OC 
0.45 0.005 3 h r s  

I 

~ 

C2425-37-1 *** 5.43 0.01 I a t  1 0 0 0 ~  

Observations Composition 
Specimen 
Number 

C2425-23- 1 

Reac tan ts  

I 
1 
I 
1 
I 
1 
I 
I 
1 
1 
I 
1 
1 
1 
I 
1 

I 
I I I 

DPMDIC" 
C2425-21-1 

0 85  0 0068 I 1:54 10:0068 I Reaction 

C2425-23-3 DPMDIC" 0.85 0.0068 2 h r s  
C2425-21-2 

DPMDIC* 1.25 0.01 24 h r s  
C2425-21-5 4.98 0.01 a t  75Oc 

3.00 0.007 at room temp 
Hard, but 

Only semi-cured. 

brit t le.  

C2425-24-8 

C2425-24-7 DPMDIC' 18 h r s  

(32425-21-3b 

C2425-21-4** a t  75Oc 

C2425-24-11 Brit t le 

Semi-cured. C2425-24-12 

DPMDIC* 1.25 0.01 22 hrs 
C2425-21-4 4.70 0.011 a t  75OC 

Adiprene L315 8.9 0.02 16 h r s  
C2425-2 1 - 1 3.6 0.02 a t  75Oc 

C2425-24-13 

Slight foam Tough, couldn't C2425-23-5 

C2425 -23 -6  Adiprene L315 
C2425-21-2 

I ;:: 10.007 I 16 h r s  
0.007 a t  75Oc 

C2425-25-14 Adiprene L315 
C2425-21-3 

5 hrso 

V e r y  viscous,  Adiprene  L315 4.45 0 . 0 1  23  h r s  
C2425-21-4 4.15 0.01 a t  75Oc 

Adiprene L315 4.45 0.01 22 h r s  
C2425-21-5 4.98 0.01 a t  75OC 

C2425-25- 15 

C2425-25-17 
uncured. 

Flexible Br i t t l e  C2425 -25- 16 

C 2425 -26- 23 

C2425-26-24 

C2425-27 -25 

C2425-25-18 

I 

Strength  poor 

Strength poor I 
Very tough Tough, but 

broke 

not very  tough. 

Sample not cured  C2425-25-19 

C2425-26-22 DPMDIC 

C2425-21-4 
C1980-57 

C2425-26-20 Adiprene L315 
C1980-57 
C2425-21-5 

C2425-26-21 0 U.UL 

5 0.01 
2 10.01 I ,4t"7h;osc 

Very tough, 
unable to break. 

C2425-27 -26 

'DPMDIC is diphenylmethane -4 ,4 '  -diisocyanate 
**theoretical equivalent weight of siloxypolyol was used r a the r  than analyzed equivalent weight 
**equivalent weight i n  doubt 

Table 4 - 3 .  ( con t inued)  

76 



Code 

C1980-76-1 

-76 -2 

-76-3 

-76 -4 

-79 -6 

-79-7 

-79-8 

Compo sition 

Siloxypo lyol C 2 9 42 - 1 OD 

2,4-Tolylenediisocyanate 

C2942 - 1 OD 
Adiprene L-315 

C2942 -lOD 

S iloxypolyol C 198 0 - 57 

2,4-Tolylenediisocyanate 

Siloxypolyol C2942-9D 

2 ,  4-Tolylenediisocyanate 

Adiprene L-315 

Siloxypolyol C2942 -30D 

Siloxypolyol C1980-57 

Adiprene L-315 

Siloxypolyol C2942-18B 

Siloxypolyol C 1 9 8 0 - 5 7 

Adiprene L-315 

Siloxypolyol C2942 - l9C 
Siloxypolyol C1980-57 

Weight 
g. 

26 

4. 3 

19. 5 
16. 5 

26. 0 

0. 9 
5. 2 

29. 0 

2. 6 

22.2 

11.. 3 
1. 8 

22. 2 

8. 3 

1. 8 

22. 2 

14. 3 
1. 8 

E 9. 

0. 05 

0. 05 

0. 037 
0. 037 

0. 05 

0. 01 

0. 06 

0. 025 

0. 030 

0. 05 

0. 03 

0. 02 

0. 05 

0. 03 

0. 02 

0. 05 

0. 03 

0. 02 

C u r e  Schedule 

74°C - 16 h r s  

121OC - 9 h r s  

74'C - 16 h r s  
121'C - 9 h r s  

74'C - 16 h r s  

121°C - 9 h r s  

74°C - 16 h r s  

121°C - 9 h r s  

74°C - 48 h r s  

74'C - 48 h r s  

74°C - 48 h r s  

Comments  
___ 

N o  c u r e  

N o  c u r e  

N o  c l u e  

N o  cu re  

Satisfactory 

Satisfactory 

Very soft 
a t  74°C 

Notes: Siloxypolyols C2942-9D and 10D a r e  derived f rom bis(hydroxymethy1)diphenyl 
oxide ( see  Table 4-2). 

Siloxypolyols C2942-18B, 1% and 30D a r e  derived f rom trimethylolpropane 
( s e e  Table 4-1). 

Siloxypolyol C1980-57 is derived f r o m  trimethylolpropane (2 moles )  and 
diethoxytetramethyldisiloxane (1  mole),  a previously reported synthesis. 

Table 4- 3. (continued) 
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A typical react ion is i l lus t ra ted  below 

Data on the composition of these  si loxyisocyanate p repo lymers  is 

presented  in Table 4-5. 

urethane formulat ions because of the unsa t i s fac tory  d ie lec t r ic  p rope r t i e s  
which the other  si loxyurethane po lymers  of th i s  type exhibited. 

Li t t le  effor t  was made  to uti l ize them in poly- 

An ent i re ly  different approach to the si loxyurethane development 

problem was  made by attempting to chloromethylate ,  and subsequently 

hydrolyze,  a long chain phenylated s i l icone,  with the intention of ul t i -  

mate ly  using the hydroxymethylated hydro lys is  product as the si loxy- 

polyol in polyurethane formulat ions.  

The  r eac t ions  a r e  

78 

I 
CHZCl 

I 
. I  

1 
I 
1 
I 
1 
I 
I 
I 
1 
1 
1 
I 
1 
1 
I 
I 
1 



I 
I 
I 
1 
I 
I 
I 
I 
1 
I 
8 
D 
I 
8 
I 
8 
1 
I 
1 

Eq. 

Specimen 
Number  

C o m m e n t s  

C 1980-79-6 

-79-7 

-79-8 

C2425-42 -7 

-42 -8 

-44 -9 

-44- 10 

-44-1 1 

-44-12 

-44-13 

-45-14 

-45-15 

-45-16 

* A ' I .  

C-2425-21-1  

A 
C-2425-21-2  

~~ 

Die le  c tri c Constant  
at 1 KC 

4.1 
3.6 

1 .7  
3.0 

2 5OC 

4. 3 

4. 5 

5. 3 

5.4 

5 .4  

5. 3 

5. 5 

9. 6 

5. 3 

5. 5 

5. 5 

9. 0 

9. 0 

Code 

C - 2425- 23 - 2 

C-2425-23-4  

C -242 5- 24-9 

C -2425-24-  1 C  

l0O0C 

6. 5 

- 

- 

6.9  

8. 2 

9 .1  

5. 7 

12.2 

12.7 

13. 0 

13.4 

- 

- 

Dissipat ion F a c t o r  
P e r  cent  

25OC 

3. 4 

3. 7 

7. 5 

7. 8 

6. 9 

6 .4  

7. 7 

6. 0 

8. 0 

8. 3 

8. 3 

12 .4  

11 .4  

1 ooo 

33 

11 

- 

58 

27 

54 

36 

67 

95 

85 

85 

- 
- 

Insulation Res is tance  
Megohms at 500 VDC 

2 5' 

4 

6 

3 

4 

4 

4 

4 

2 

4 

4 

4 

2 

2 

6 x  10 

5 x  10 

7 x  10 

2 x 1 0  

2 x  10 

3 x  10 

2 x  10 

6 x  10 

3 x  10 

2 x 10 

2 x  10 

1 x 10 

1 x 10 

Table  4-4. Die lec t r ic  p rope r t i e s  of va r ious  
si loxyurethane t e s t  spec imens .  

I 

Quanti ty  C o m p o s i t i o n  I 

I 62::: A *  
C-2425-21-6  

A* I 2.50 
C-2425-21-5  4.98 

1 ooo 

140 

45  

- 

4 .5  

4 .5  

4 . 0  

4. 5 

15  

2 .0  

2.0 

2.0 

- 

1 .0  

0.04 
0.02 

0.0136 
0.007 

0.02 
0.01 

0.02 
0.01 

Homogeneous  m i x t u r e ,  h a r d  tough 
s t a t e  a t  r o o m  t e m p e r a t u r e  
(no t  u sab le )  

b r i t t l e  a t  r o o m  t e m p e r a t u r e  

would not  f low a t  r o o m  
t e m p e r a t u r e  

r o o m  t e m p e r a t u r e  

Homogeneous  m i x t u r e ,  h a r d  and  

Homogeneous  m i x t u r e ,  s e m i -  soft ,  

Homogeneous  m i x t u r e ,  f luid a t  

*A = diphenylmethane-4 ,  4 ' -d i i socyana te  I 
Table  4-5. Data  on the prepara t ion  of va r ious  si loxy 

isocyanate  prepolymers .  
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Polymethyl( h yd roxymet  h ylphen yl)  si loxane was  p repa red  by the 

chloromethylation of polymethylphenylsiloxane following the method of 

Peppe r ,  et  a l . ,  followed by hydrolysis  with aqueous base.  'The s tar t ing 

polysiloxane w a s  p repa red  f r o m  trimethyltriphenylcyclotrisiloxane using 

sulfur ic  acid as  the ca ta lys t  a n d  using the procedure  of Patnode a n d  

Wilcox 

25 MeqSiO units.  

the t r i m e r i c  cyclosiloxane using the method of Pepper .  

indicated the p re sence  of hydroxymethyl groups in both the t r i m e r i c  and 

polymer ic  methylphenylsiloxanes.  

a n  isocyanate prepolymer ,  Adiprene L-315, resu l ted  in a c u r e  in two 

hour s  a t  J 5 5 " F  with the polymer ic  si loxane and i n  six hour s  with the 

t r i m e r i c  siloxane in a hot air oven. F u r t h e r  work on these  m a t e r i a l s  

w a s  however never  undertaken. 

1 

2 to  p r e p a r e  l i nea r  po lymer  having a chain length of about 

A hydroxymethyl der iva t ive  w a s  a l s o  p repa red  f r o m  

Inf rared  s p e c t r a  

P r e l i m i n a r y  curing expe r imen t s  with 

A possible  limitation of the  chloromethylat ion procedure  of P e p p e r ,  

which employs chloromethyl  methyl  e the r  with SnC14 ca ta lys t ,  is that  

polysiloxanes a r e  degraded significantly and the  deg ree  of chloromethyl  

group substi tution is g r e a t e r  in  the degraded portion of the product.  

Th i s  is readi ly  sepa rab le  f r o m  the re la t ive ly  unaltered portion of the 

product  by different ia l  solubili ty in methanol. 

methylphenylsiloxane of about 30 repeat ing units with a hydroxymethyl- 

phenyl at about each sixth si loxy unit would probably be useful for  the 

prepara t ion  of s i loxyurethane polymers .  

indicates  that  the des i r ed  hydroxymethylated siloxane would be p repa red  

bes t  by employing a polymer ic  si loxane with a deg ree  of polymerizat ion 

of s e v e r a l  hundred f o r  the chloromethylation reac t ion ,  and subsequently 

f ract ionat ing the product  by different ia l  solubili ty o r  molecular  d i s t i l l a -  

tion to isolate  the des i r ed  port ion of product.  

A hydroxymethylated 

The r e s u l t  of this  expe r imen t  

Equivalent weights of s e v e r a l  of t h e  siloxypolyols synthesized in 

this p r o g r a m  a re  presented  in Table  4- 6 below. 

K. K. Peppe r ,  J. Chem. SOC. 1 

'W. Patnode and F.F.  Wilcox, 
(1946). 

80 

, 1953, p. 4097. 

J .  Amer .  Chem. SOC. 68, p. 358 
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I 
I 
I 
I 
1 
1 
I 
I 
I 
I 
1 
I 
1 
1 
I 
I 
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1 
I 
I 
I 
I 
I 
I 
I 
1 
8 
I 
I 
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Sample Number 

C2425-21-1(2b) 

C 242 5 -2 1 -4  

C2425-21-5 

C2 42 5 - 3 7 -2 

C2425 -37 -2 

C2425 -37 -2 

Number Acetylation Ob served  

Sample s hour Weight 
of Per iod  , E quivale nt 

7 1-112 351 

3 1-1 /2  1049 

3 2 1129 

6 1-112 644 

2 2-112 419 

2 4 42 9 

C2 42 5 - 37 - 3 

C2425 -37 -3 

2 

2 

2-112 

3 

3 18 

295 

Expected 
Equivalent 

Weight 

289 

357 

289 

Table  4-6. Resu l t s  of ana lyses  of var ious  siloxypolyols. 

Hydroxyl equivalents w e r e  de te rmined  by  the  p rocedure  previously 

descr ibed  in the  second annual s u m m a r y  repor t .  It appeared ,  however ,  

that  in  some  c a s e s  the hydroxyl es te r i f ica t ion  per iods  recommended 

previously (1- 1 / 2  hour s )  w e r e  inadequate f o r  the  siloxypolyols der ived  

f r o m  bis  (hyd roxymethy1)diphenyloxide and thus  longer  es te r i f ica t ion  

per iods  (2. 5-4. 0 hour s )  somet imes  had to  be used. 

w e r e  de te rmined  by the  t i m e  requi red  to  r each  relat ively constant  values .  

1 

Reaction pe r iods  

EXPERIMENTAL 

React ion of "DiethoxytetraphenyIdisiloxane" with Trimethylolpropane 
IC 1980-744) 

Trimethylolpropane (13. 4 g ,  0. 3 eq. ), water  (0. 9 g ,  0. 1 eq. ) 

and ace t ic  acid (5 d rops )  w e r e  melted together  and mixed thoroughly. 

Diphenyldiethoxysilane (27. 2 g, 0. 2 eq. ) was then added and the mixture  

was s t i r r e d  continually while removing ethanol (9. 0 g ,  0. 19 eq. ) under 

'N, Bilow, op. cit.  
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reduced  p res su re .  

170°C and maintained fo r  1 / 2 - 3 / 4  hour.  

The react ion t empera tu re  was  gradual ly  r a i sed  to 

A white product was  obtained. 

Reaction of ftDiethoxyhexaphenyltrisiloxaneft with Trimethylolpropane 
( C  1980-74B) 

Trimethylolpropane (13. 4g. ,  0. 3 eq. ), water  (1. 8g . ,  0. 2 eq. ), 

and acet ic  acid ( 6  d r o p s )  w e r e  melted together and diphenyldiethoxysilane 

(40. 8g. ,  0. 3 eq. ) was  then added. The  reac t ion  t empera tu re  w a s  ma in -  

tained a t  115°C (-5 t o r r .  ) for about 18 hours  while the volat i les ,  mainly 

ethanol,  w e r e  collected (19. 4g. ). A brown nonhomogeneous g l a s sy  

product  was  obtained which weighed 48. Og. (92 percent  of theoret ical) .  

Reaction of flDiethoxyoctaphenyltetrasiloxaneff with Trimethylolpropane 
(C1980-75B) 

Trimethylolpropane (13.  4g . ,  0. 3 eq. ) water  ( 2 .  7g., 0. 3 eq. ) and 
ace t ic  acid (8  d r o p s )  w e r e  melted together  and then diphenyldiethoxy- 

s i lane (54. 4g. ,  0. 4 eq. ) was  added. The agitated mixture  was  heated 

to  118°C while ethanol was  removed under  reduced p r e s s u r e  (100 t o r r ) .  

Additional ace t ic  acid was  added ( 5  d r o p s )  and heating was  continued 

overnight a t  120°C. 

The product had a g reen  color and w a s  opaque. 

A total  of 19g. (0. 4 mole )  of ethanol was  recovered.  

React ion of Trimethylolpropane with ffDiethoxytetraphenyldisiloxaneIf 
jC2942 - 18A) 

Diphenyldiethoxysilane (54. 4g. , 0. 2 mo le )  was  added to  a molten 

solution of t r imethylolpropane (17. 9g. ,  0. 133 mole ) ,  water  (1. 8g . ,  0. 1 

mole )  and ace t ic  acid ( 5  drops) .  

heated to 135 f 5°C while gradual ly  reducing the p r e s s u r e  to about 

5 t o r r ,  After the ethanol evolution ceased ,  additional acet ic  acid 

( 3  d r o p s )  was  added and heating continued for  6 hour s  a t  the s a m e  t e m -  

pe ra tu re  and p r e s s u r e .  

theore t ica l  equivalent weight of 278. 

(105 percent  of theore t ica l ) .  

The  react ion mix tu re  w a s  gradual ly  

The nonvolatile siloxypolyol (54g. ) had a 

Recovered ethanol weighed 19. 8g. 
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React ion of Trimethylolpropane with "Diethoxyhexaphenyltrisiloxane" 
(C2942-18B, 18D, 30D) 

Diphenyldiethoxysilane (81. 7g. , 0. 3 mole)  w a s  added to  a molten 

mix tu re  of t r imethylolpropane (17. 9g . ,  0. 133 mole) ,  water  (3. 6 m l ,  

0. 20 mole ) ,  and acet ic  acid (7  drops) .  The  t empera tu re  was  gradual ly  

r a i s e d  to 130°C and the p r e s s u r e  lowered to below 5 t o r r .  

ethanol evolution appeared  to  cease  additional ace t ic  acid ( 3  d rops )  was  

added and the react ion continued for  5-1/2 hours .  The recovered  

ethanol (27. Og. ) was  about 97 percent  of theoret ical .  

cooled product w a s  a white t rans lucent  glass .  

After 

The remain ing  

(C2942-18D) Repetition of th i s  exper iment  was  c a r r i e d  out with 

54. 4g. (0.  2 mole )  of diphenyldiethoxysilane, 2. 7 ml  (0.  15 mole )  of 

wa te r ,  8. 95g. (0. 06 mole )  of t r imethylolpropane and 5 d rops  of ace t ic  

acid.  In th i s  c a s e  18. 2g. of ethanol (98 percent )  was  isolated.  The  

polyol w a s  dissolved in te t rahydrofuran,  f i l t e red ,  and r ecove red  by heat  

and vacuum. I t s  theore t ica l  equivalent weight w a s  476. 

A third prepara t ion  (C2942-30D) was  c a r r i e d  out as  in  C2942-18B 

above. 

ical) .  

a Mill ipore f i l t e r  and reconcent ra ted  by heat (160°C) and vacuum 

(C5 t o r r ) .  

In th i s  c a s e  26.6g. of ethanol was  evolved (96 percent  of t heo re t -  

The polyol (71g. ) was  dissolved in ch loroform,  f i l tered through 

The  cooled product  was  a hard brownish t rans lucent  g lass .  

P repa ra t ion  of Diphenyldiethoxysilane (C2942-13) 

Absolute ethanol (250g. ,  5. 4 m o l e s )  w a s  added dropwise  to 

diphenyldichlorosilane (506g.,  2 m o l e s )  over  a 30 minute  period. The  

resu l tan t  two -phase mix tu re  w a s  then disti l led,  first a t  ambient  p r e s s u r e  

to  r emove  e x c e s s  ethanol and hydrogen chloride then a t  reduced p r e s s u r e  

( 2  t o r r )  to r emove  the diphenyldiethoxysilane (B. P. 123-130°C, 375 ml. ) 

React ion of Diphenvldiethoxvsilane with Water  and Bis(hydroxymethy1) - 
diphenyloxide [2: 1:2 Molar  Ratio,  C1980-731 

F r e s h l y  disti l led diphenyldiethoxysilane (55. 8g. , 0. 41 eq. ), water  

(1. 8g. , 0.20  eq. ), and ace t ic  acid ( 8  d rops )  w e r e  shaken until homogen- 

eous.  B i s  (hydroxymethy1)diphenyloxide (hydroxymethyldiphenyloxide - 14. 
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48 g , 
a r o t a r y  evaporator .  

g radual ly  reducing the p r e s s u r e  to  2 t o r r .  

d r o p s )  was  then added and the mix tu re  w a s  heated a t  130°C for  6 hours  

a t  ambient  p r e s s u r e ,  then at 115°C and 1 t o r r  for  16 hours .  

resu l t ing  equilibrated product  weighed 89g. (102 percent  of theoret ical) .  

0. 40 eq. ) was  then added and the mix tu re  was  heated to 115°C in 

Ethanol (14. 5g. ,  0. 32 m o l e )  w a s  removed while 

Additional ace t ic  acid (12 

The  

React ion of Diphenyldie thoxysilane , W a t e r  and B i s  (hydr oxymethyl) - 
diphenyloxide [3:2: 1 Mola r  Rat io ,  C2942-91 

A mix tu re  of f r e sh ly  p repa red  diphenyldiethoxysilane (82g. , 0. 60 

eq.  ), bis(hydroxymethy1)diphenyloxide (24. 2g. , 0 . 2  eq. ), wate r  (3 .  6 g . ,  
0. 4 eq. ) and glacial  ace t ic  acid ( 5  d r o p s )  was  heated a t  120°C with con-  

t inuous s t i r r i n g  for  1 / 2  hour at ambient  p r e s s u r e .  

continued for  two additional hour s  as  the p r e s s u r e  w a s  gradual ly  reduced 

to  about 1 t o r r .  
heating continued for 7 h o u r s  a t  110°C a t  ambient  p r e s s u r e  then a t  110°C 

and 57 hour s  a t  -1 t o r r .  

w h e r e a s  the ethanol which w a s  collected in a cold t r a p  weighed 23g. 

(83  percent  of theoret ical) .  

Heating w a s  then 

Additional ace t ic  acid (10  d r o p s )  was then a d d e d  a n d  

The  c l e a r  nonvolatile product  weighed 87. l g . ,  

React ion of Diphenyldiethoxysilane with Water  and Bis(hydroxymethy1) - 
diDhenvloxide 13:2:1 Mola r  Rat io .  C2942-101 

A mix tu re  of diphenyldiethoxysilane (82g. ,  0. 30 mole)  and bis(hy-  

droxymethy1)diphenyloxide (24. 2g. , 0. 1 mole )  w e r e  me l t ed  together.  

Water  ( 3 .  6g. ,  0 .2  mole )  and ace t i c  acid ( 5  d r o p s )  w e r e  added. 

reac t ion  mix tu re  w a s  then heated at 120°C for 1 / 2  hour  while ethanol 

w a s  removed by disti l lat ion.  P a r t i a l  vacuum (100 t o r r )  w a s  then applied 

and the reac t ion  mix tu re  w a s  heated fu r the r  a t  120°C for  about 18 hours.  

The 

Siloxypolyols from Bis(hydroxymethy1)diphenyloxide (C2425 - 18 
through 21) 

The  following p rocedure  was  used in the prepara t ion  of a s e r i e s  

of approximately fourteen siloxypolyols f r o m  bis (hydroxymethyl) - 
d iphen yloxide and m ethylphenyldiethoxysilane. Reactant  r a t io s  used in 

ten of these  prepara t ions  a r e  tabulated in the discussion section of th i s  

r epor t  (Tab le  4-2).  
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Weighed samples of bi  s (hydroxymethy1)diphenyloxide w e r e  

heated to the i r  mel t ing points and, while s t i r r ing  continually, methyl -  

phenyldiethoxysilane was  gradual ly  added along with s e v e r a l  d r o p s  of 

ace t ic  acid. The  reac t ion  f lask  was  then connected to a r o t a r y  evapo-  

r a t o r  and heated a t  100°C for  19 hour s  while maintaining the p r e s s u r e  

a t  about 5 t o r r .  

than the theore t ica l  amount of ethanol expected. 

w e r e  then r ecove red  and analyzed. 

geneous when cold but became homogeneous upon heating. 

In  all c a s e s  the total  volati les weighed slightly m o r e  

Reaction products  

Seve ra l  of the products  w e r e  he t e ro -  

P repa ra t ion  of Methylphenyldiethoxysilane (C2425 -22) 

Absolute ethanol (1  log. , 2.2 m o l e s )  was gradual ly  added to 

methylphenyldichlorosilane (191g. , 1. 0 mole )  with constant s t i r r ing .  

The mix tu re  was  then heated to ref lux while allowing the hydrogen 

chlor ide to boil off. 

t i l lat ion (b. p. 29-33°C at 35 t o r r )  and the methylphenyldiethoxysilane 

w a s  disti l led a t  120-123°C (35 t o r r ) .  A yield of 198g. (0.  94  mole ,  94 
p e r  cent )  was  obtained. 

E x c e s s  ethanol was  then removed by vacuum d i s -  

Polyurethane P repa ra t ions  (C2425-23, 24 ,25 ,26 ,  27) 

All polyurethanes der ived f r o m  the bis(hydroxymethy1)diphenyl- 

oxide based silosypolyols w e r e  p repa red  by mixing r eac t an t s  a t  ambient  

t empera tu re  o r  at the min imum tempera tu re  requi red  to in su re  
homogeneity. 

Isocvanate  P r e p o l v m e r s  (C2425-23-2 and 4 and 24-9 and 10) 

Isocyanate p repo lymers  w e r e  all p repa red  by mixing mola r  equiv- 

a lent  amounts  of the bis(hydroxymethy1)diphenyloxide based siloxypolyols 

with twice the s toichiometr ic  amount of diphenylmethane -4, 4' - 
diisocyanate.  

a t u r e  at which homogeneous mix tu res  could be obtained. 

Mixtures  w e r e  maintained at the lowest  possible  t emper  - 

Prepa ra t ion  of Polymethylphenyl si loxane (C 2222 -8) 

The  procedure  employed in the prepara t ion  was  a sulfur ic  acid 

catalyzed polymerizat ion involving cleavage of a cyclotr is i loxane under  
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1 anhydrous conditions similar to the method of Patnode and Wilcox fo r  

the synthesis  of polydimethylsiloxanes with about fo r ty  repeat ing units 

in chain length. 

Methylphenylcyclotrisiloxane, 80 g r a m s ,  was  dissolved in 50 ml 

Then a solution of 8 ml  of of redis t i l led,  vigorously dr ied  ethyl e ther .  

sulfur ic  acid in 50 ml  of d r y  e the r  was  added dropwise with vigorous 

s t i r r ing .  In spi te  of the slow addition of the ca ta lys t  acid solution, a 

slight turbidi ty  formed in the reac t ion  mixture .  

was  s t i r r e d  overnight a t  ambient  t e m p e r a t u r e  with a drying tube attached. 

A v e r y  marked  inc rease  in v iscos i ty  occurred .  

e t h e r  was  added, a l so  30 m l  of wa te r ,  and s t i r r i n g  continued for one 

hour.  

repea ted ly  with 30 m l  port ions of water  and then left ove r  anhydrous 

K2C03.  E the r  was  then removed under  vacuum. 
a n d  t h e  temperature  slowly raised to 150°C under  vacuum, and continued 

unt i l  beads  of condensate appeared  in the neck of the flask.  The viscous 

product  increased  in turbidi ty  a f t e r  solvent r emova l  and w a s  redissolved 

in acetone. 

Solvent was  again removed under  vacuum, leaving a clear, co lo r l e s s  oil. 

The react ion mixture  

Then another  50 ml  of 

The aqueous layer  was  then separa ted  and the e the r  layer  washed 

Heat was  then applied 

Cel i te  f i l t e r  aid w a s  added and the solution centrifuged. 

Chloromethylation of Polymethylphenylsiloxane (C2222 -6, C 2 2 2 2  -7 ,  
C2222-9. C2222-11) 

S e v e r a l  expe r imen t s  w e r e  c a r r i e d  out in o r d e r  t o  choose adequate 

reac t ion  conditions fo r  the chloromethylat ion of methylphenylsiloxanes 

using chloromethyl  e the r  with s tannic  chlor ide catalyst .  

n e c e s s a r y  to employ a solvent,  hexane, fo r  these  reac t ions  because  the 

reac t ion  is uncontrollable when chloromethyl  e the r  and catalyst  a r e  

added to bulk si loxane, and highly colored by-products  cha rac t e r i s t i c  

of F r i ede l -Cra f t s  reac t ions  are produced. In  the procedure  which gave 

the m o s t  near lyfavorable  r e su l t ,  min ima l  amounts  of chloromethyl  ether 

and ca t a lys twere  used  and t empera tu re  was  controlled with a wa te r  bath 

in  the e a r l y  s t ages ,  as desc r ibed  in  the following representa t ive  reactions. 

It was  found 

W. Patnode and D. F. Wilcox, J. Am. Chem. SOC. 68, 358 (1946). 1 
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P o  lyme thylphenylsiloxane, 7 0 g r a m s ,  and chloromethyl  e the r , 
8 g r a m s ,  w e r e  mixed in a d r y  f lask,  and a mixture  of chloromethyl  

e the r ,  4 g r a m s ,  and anhydrous s tannic  chlor ide,  0. 5 m l ,  was  added 

dropwise with vigorous s t i r r ing .  

in an icebath and s t i r r i n g  continued fo r  30 minutes.  

removed. 

warmed  to 45°C and a reddish  color  developed. 

of methanol  was  added and the reac t ion  mixture  s t i r r e d  overnight.  

mix ture  was  then placed in a sepa ra to ry  funnel and the o i l  and alcohol 

l a y e r s  separated.  

a second oi l  l aye r  separated.  

e the r  and 5 m l  of concentrated NH40H w e r e  added and the mixture  s t i r r e d  

f o r  24 hours.  It was  then washed with wa te r ,  s epa ra t ed ,  a n d  e the r  

removed f r o m  the o i l  under  reduced p r e s s u r e .  Some turbidi ty  was  

observed:  consequently the oi l  was  diluted with 50 m l  of acetone and 50 

m l  of ethyl e the r  and centrifuged. 

with wa te r  and separa ted .  

and a third oi l  f ract ion recovered  by evaporat ion of the e the r  solution 

under  reduced p r e s s u r e .  

(methanol  soluble)  by s t i r r i n g  with concentrated NH OH, washing and 

r emova l  of r e s idua l  solvent,  in f ra red  s p e c t r a  of all t h ree  o i l  f r ac t ions  

w e r e  run. The bulk of the recovered  siloxane, f r o m  which methanol-  

soluble and then acetone -e ther  -soluble oi ls  had been removed,  contained 
nei ther  CH20H nor  CH2C1 groups,  as de termined  from the IR spec t rum.  

The  two soluble oi l  f rac t ions ,  which w e r e  somewhat lower in bulk 

v iscos i ty  than the s ta r t ing  polymethylphenylsiloxane, both showed 

significant OH absorpt ion at t r ibutable  e i ther  to  CH OH o r  to  -R2SiOH 

end groups,  and detectable  absorpt ion at t r ibuted to unhydrolyzed CHZCl 

groups.  The combined weight of the l a t t e r  two f r ac t ions  was  17 g r a m s ,  

about 25  percent  of the total  recovered  ma te r i a l .  

When the f lask  warmed ,  it was  placed 

The bath was  then 

After  about one hour  of s t i r r i n g  without cooling the f l a sk  had 

At th i s  point, 100 m l  

The  

Fi f ty  m l  of water  was  added to  the alcohol  l aye r  and 

To  the f i r s t  o i l  f rac t ion  50 m l  of ethyl 

The solution was decanted and washed 

The aqueous l aye r  was  then washed with e t h e r  

Following hydro lys is  of the second o i l  f ract ion 

4 

2 

Chloromethylation of Polymethylphenylsiloxane (C2222 - 11 ) 

Polymethylphenylsiloxane, 40 g r a m s ,  and 35 m l  of hexane w e r e  

s t i r r e d  in a f l a s k  and a mixture  of chloromethyl  e the r ,  8 g r a m s ,  and 

87 



stannic  chlor ide,  0. 3 g r a m s ,  was  added dropwise f r o m  a funnel. After 

the addition of the chloromethyl  e the r  and catalyst ,  the react ion mixture  

warmed to about 35°C. The mixture  was  allowed to s t i r  a t  ambient t e m -  

pe ra tu re  over  a weekend, with drying tube attached. 

color  developed during the react ion period. 

under reduced p r e s s u r e  without heat.  

of concentrated NH OH were  added and the mixture  s t i r r e d  for  24 hours .  

The mixture  was  then washed s e v e r a l  t i m e s  with water  and the o i l  l aye r  

separated.  

and the product dr ied over  anhydrous N a  CO 2 3  
f i r s t  product gave a r e f r ac t ive  index n25 of 1. 5303, compared to 1. 5475 D 
for  the s ta r t ing  siloxane. The IR spec t rum showed some  OH absorpt ion.  

The intensi ty  of the absorpt ion band w a s ,  however,  not consis tent  with 

the expected degree  of substi tution, one hydroxymethyl group pe r  t h ree  
methylphenylsiloxy repeat ing units. The product had a noticeable odor 

suggestive of benzyl alcohol. 

cyanate prepolymer ,  Adiprene L315, a fair c u r e  was  obtained in two 

hour s  a t  155" C. 

A slight amber  

The volat i les  were  removed 

Then 100 ml of acetone and 5 m l  

4 

Residual  volat i les  were  removed under reduced p r e s s u r e  

The fo r  s eve ra l  days. 

When mixed in  equal  p a r t s  with an  i s o -  
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I1 . 5. EPOXY AND SILICONE RESINS 
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Severa l  epoxy and sil icone r e s i n s  w e r e  formulated during the 

course  of th i s  p rogram which do not f i t  into the va r ious  d iscuss ions  

previously presented.  These  r e s i n s  w e r e  formulated s t r i c t ly  f r o m  

commerc ia l  products  and thus entailed no synthesis  effort .  

position of these  r e s i n s  i s  presented in Table  5-1  and t h e i r  d i e l ec t r i c  

p rope r t i e s  a r e  presented  in  Table 5-2. 

The com-  

Code 

C1980-81-2 

-78-5 

-80R1 

-84-1 

-84-2 

Composition 

Epon X-24 (Shell Chemical) 

N, N' -diphenylethplenediamine 

4,4'-diaminodiphenylmethane 

"Molecularly distilled"* 

R-7501 silicone (Dow Corning) 

Dicumylperoxide 

"Molecularly distilledv'* 

R-7501 silicone 

Dicumylperoxide 

Epon X-24 

N,  N' -diphenylethylenediamine 

4, 4'-methylenedianiline 

Epon X-24 

N, N '  -diphenyleihylenediamine 

4. 4'-methylenedianiline 

Weight 

g- 

15. 4 

7. 0 

1. 7 

100 

2 

100 

2 

17. 8 

7. 0 

1. 7 

17. 8 

7.0 

1 .7  

- 

Eq. - - 
0. 09 

0. 066 
0. 034 

0. 105 

0. 066 

0. 034 

0. 105 

0. 066 

0. 03' 

- 

Fi l l e r  

E c  co sphere s 

R 

Eccospheres  

R 

Eccospheres  
R 

:ccospheres I 

Alumina 
spheres  
(pre-dr ied 
1 h r  at 
100OC) 

Cure  Schedule 

74°C - 16 h r s  

4 h r s  a t  1OO'C 

125°C - 24  h r s  

in NZ - 48 h r s  

a t  145'C 

122'C - 48 h r s  

in NZ 

t 2 4  h r s  a t  150°C 

74OC - 16 h r s  

85°C - 5 h r s  

74°C - 52 h r s  

Comments  

White, tough 

vacuum f i l l  

C r a c k s  

Cracks  

Tough 

white 

Tough 
white 

*The t e r m  "Molecularly distilled' '  r e f e r s  t o  silicone r e s in  which was  run through a thin f i lm moleclar  
' s t i l l  a t  about 150°C and 10-3 to 10-4 t o r r  to remove volatile consti tuents amounting t o  about 50 percent  
of its init ial  weight. 

Table  5-1. Composition of s e v e r a l  epoxy 
and si l icone r e s i n s .  
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Dielec t r ic  
Constant 

Code 

11. 0 

4. 13 

10.55 

13. 0 

0. 33 

(C 
100°C 

13. 2 -7 x 104 

9. 64  5 x 105 

33.43 4 x 105 

43 6 X l o 5  

0. 78  2 x 106 

3. 15 

2. 96 

6. 08 

7. 1 

5. 6 

Insulation 
Di  s sipation Resis tance,  

Fac to r ,  Megohms 
P e r c e n t  at 50( 

25°C I 100°C 25°C 

Table  5-2. Die lec t r ic  p rope r t i e s  of s e v e r a l  
epoxy and sil icone r e s ins .  

90 

100°C 

4 x 104 

1 x l o 4  

6 X l o 2  

3 x 102 

6 X 104 

I 
I 
1 
I 
1 
1 
I 
1 
I 
I 
I 
I 
I 
I 
I 
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APPENDIX 

This  appendix was  p repa red  to provide detai led p rocedures  of 

exper iments  which did not appea r  to w a r r a n t  presentat ion in  the gene ra l  

d i scuss ions .  The r e a s o n  for  this  is that they do not r e p r e s e n t  opt imum 

methods  o r  techniques a n d  in  many c a s e s  a r e  essent ia l ly  dupl icates  of 

those  included in  the discussion.  

c a r r i e d  out  under  th i s  p r o g r a m ,  and  se rved  to guide the inves t iga tors  

in  the c o u r s e  of t he i r  s tudies .  

They do never the less  r e p r e s e n t  work 

This  information m a y  a l s o  be of value to  the chemis t  who wishes  

to  ver i fy  the conclusions which have a l r eady  been drawn.  

P repa ra t ion  of m-Allylbromobenzene (C2425 -1 7)  

A solution of m-dibromobenzene (236 g,  1 mole )  in  anhydrous 

e t h e r  (150 ml) was added dropwise to a s l u r r y  of magnes ium (26 g, 

1. 1 m o l e s )  in  anhydrous e the r  (400 ml). 

with a small amount  of e thylmagnesium iodide. 

of the reac t ion  p a r t  of the e the r  was  lost .  

addition the mix tu re  was  heated a t  ref lux for  one hour ,  then s t i r r e d  fo r  

4 hours .  After  sett ing overnight,  f resh ly  dis t i l led a l ly l  b romide  

(B. P. 69-70°C,  136 g, 1 .1  m o l e s )  was  added a t  such a r a t e  as  to keep  

the reac t ion  under  control.  

t ion mix tu re  w a s  heated at ref lux for  2 -1 /2  hours .  
ove r  a mixture  of i ce  and  hydrochlor ic  ac id  (-25 ml), 

w a s  then sepa ra t ed ,  and  the aqueous l aye r  w a s  ex t rac ted  with e the r  

s e v e r a l  t imes .  After  combining the e the r  l a y e r s ,  they w e r e  washed 

with wa te r  then d r i ed  over  N a  SO and  f i l tered.  E t h e r  w a s  then r emoved  

by s imple disti l lat ion and  the al lylbromobenzene w a s  r ecove red  by f r a c  - 
t ional dist i l lat ion a t  reduced p r e s s u r e  ( 3 5  t o r r ) .  

recovered ,  namely,  I. 5 . 4  g, 58-68" C;  11. 68-115"CY 2 .1  g; 

111. 116-7"C, 68. 5 g; IV .  117-8"CY 68 .5  g; and V.  1 1 8 " t  , 8 g; res idue  

unweighed. 

of product  (146 g)  was  74 percent  of theoret ical .  

The reac t ion  w a s  ini t ia ted 

Because of the vigor  

Upon completion of the 

When this addition was  completed the r e a c -  

I t  w a s  then poured 
the e the r  l aye r  

2 4  

F ive  f rac t ions  w e r e  

The final pot t empera tu re  w a s  215°C and the total  yield 

\ 
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Epoxidation of B i s  (allylphenyl) t e  t ramethyldis i loxane 
with Tr i f luoroperace t ic  Acid (C1961-57) 

To a suspension of hydrogen peroxide (90 percent ,  2 .4  ml, 0. 082 

mole )  i n  pre-cooled methylene chlor ide (15 ml at  0-5°C)  was  slowly 

added t r i f luoroace t ic  anhydride (21 g,  0. 10 mole) .  

ta ined throughout while maintaining the t empera tu re  below 3°C.  

completion of the addition s t i r r i n g  w a s  maintained for 15 minutes .  

S t i r r ing  was  ma in -  

After 

The perac id  solution was  then t r a n s f e r r e d  to a dropping funnel 

and added ove r  a one hour  per iod  to a cold s l u r r y  of anhydrous K CO 

(34 g ,  0 .25 mole ,  d r i e d  at 70"C,  16 hour s ,  <5 t o r r ) ,  me ta -b i s -  

(allylpheny1)tetramethyldisiloxane (1  0 -g, 0. 027 mole ) ,  and  methylene 

chlor ide (60 ml). 

w a s  heated to  ref lux and  s t i r r e d  for  a n  e x t r a  half hour.  

w e r e  f i l t e r ed  off and  washed with methylene chlor ide.  
CH C1 

i n  a molecu la r  still. 

retical, n25 = 1. 5291) was  collected at 3.  5 X 10 

wal l  t e m p e r a t u r e  of approximate ly  130-145°C. 

pe rcen t  Si (14. 1 pe rcen t  theore t ica l ) .  

2 3  

After  the addition w a s  completed the reac t ion  mix tu re  

Inorganic  salts 

The combined 
l a y e r s  w e r e  concentrated a n d  the v iscous  product  w a s  dis t i l led 

2 2  
The volati le f rac t ion  (3.6 g, 33 percent  of theo-  

-3  t o r r  at a n  outside 

It contained 12.16 
D 

The nonvolatile f rac t ion  weighed 

7 . 3  g. 

Attempted Epoxidation of Bi s (allylphenyl) te t r a m e  thyldi si loxane 
with Perbenzoic  Acid i n  the P r e s e n c e  of K2C03 (C1961-59) 

Ter t ia ry-buty l  a lcohol  was  removed f r o m  a solution of perbenzoic  

ac id  i n  t-butyl a lcohol  by evaporat ion under  reduced p r e s s u r e  (<5 t o r r ) .  

The  evaporat ion w a s  conducted us ing  a n  oil  bath heated to 30°C. 

Recovered  perbenzoic  ac id  (15 g,  0 .11 mole )  was  then dissolved i n  

anhydrous ch loroform (60 ml) and  the solution was  t r a n s f e r r e d  to a 

s e pa r a to  r y funnel. 

The perbenzoic  ac id  solution was  then gradually added to  a s l u r r y  

of m-bis(allylpheny1)tetramethyldisiloxane (1 0 g,  0. 027 mole) ,  finely 

powdered anhydrous potass ium carbonate  (34 g,  0 .25 mole) ,  and  alcohol-  

f r e e  ch loroform (60 ml). 

maintained throughout the addition. 

A reac t ion  t e m p e r a t u r e  of l e s s  than 8 ° C  was  

S t i r r ing  continued a t  10 "C o r  l e s s  

I 
I 
I 
I 
I 
1 
1 
1 
I 
I 
1 
1 
I 
I 
I 
1 
1 
1 
I 

92 



while per iodic  perac id  ana lyses  were  c a r r i e d  out. 

percent  of the perac id  appea red  to have been consumed whereas  99 
percent  appea red  to have been consumed a f t e r  3 -1 /2  hours .  

ch loroform was  removed by s imple disti l lat ion the high bo i l e r s  w e r e  

dis t i l led by molecular  dist i l lat ion a t  2 X 10 

(3 .8  g) had a re f rac t ive  index of n25 = 1.5213, whereas  two smaller 

f rac t ions  (0.4 g and  0. 3 g)  w e r e  a l s o  col lected which had re f rac t ive  

After  2 hour s  85 

After  the 

- 3  t o r r .  The l a r g e s t  f rac t ion  

D 
- - 

ind ices  of nZ5 = 1. 5186 and  n D  25 - - 1. 5158, respect ively.  The nondisti l led 
D 

port ion weighed 2 .9  g. 

f r o m  70°C to 130°C.  In f r a red  spec t r a  of these  volatile f rac t ions  

demonst ra ted  that  they w e r e  the unreac ted  a l ly l  compound. 

W a l l  t e m p e r a t u r e s  of the still gradual ly  r o s e  

Synthesis  of Dimethylethoxychlorosilane (C242 5 -49) 

Absolute ethanol (208 g, 4. 5 imoles) w a s  slowly added to f r e sh ly  

The solution was  then gradual ly  

The 

dis t i l led dimethyldichlorosilane.  

heated to ref lux while allowing hydrogen chlor ide to escape .  

solution was  then fract ional ly  dis t i l led through a Podbielniak column. 

After  unreac ted  dimethyldichlorosilane was  removed,  four  f rac t ions  

w e r e  collected,  to  wit: I. unweighed (75-78"C),  11. 114 g (78-88"C),  

111. 150 g (88°C) and  I V .  30 g (88-90°C).  

1 , 3 -Bis  (m-allylpheny1)tetrame thyldisiloxane (C2425 -5 1 ) 

A mix tu re  of wa te r  (20 c c )  and  ace t ic  ac id  (1 c c )  w a s  gradual ly  
added to  m-allylphenyldimethylethoxysilane (147 g ,  0.67  mole, 

n23 = 1. 5028) while agitating vigorously.  

a s e p a r a t o r y  funnel and  the lower aqueous phase w a s  separa ted .  

upper  phase (126 g) was  dis t i l led at 1. 3 t o r r  yielding 107.9 g of 

product  (b. p. 155"C, n z  = 1. 5199). This  yield r e p r e s e n t s  0. 293 mole  

o r  88 pe rcen t  of theoret ical .  

(27 g,  n y  = 1. 5040) was  hydrolyzed with a mixture  of wa te r  (5 ml) 

and  glacial  ace t i c  ac id  ( 1 / 2  ml). 

organic  phase w a s  sepa ra t ed  (23. 5 g)  and  was  dis t i l led at 1. 3 t o r r .  

The  mix tu re  w a s  placed in D 
The 

A second port ion of the m-allylphenyldimethylethoxysilane 

After  the reac t ion  was  complete  the 
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Synthesis  of 1, 3-Bis(p-epoxypropylphenyl)tetramethyl- 
disi loxane (C2425- 54) 

A solution of t r i f luoroace t ic  anhydride (53.4 g . ,  0.254 mole)  and 

methylene ch lor ide  (76 ml) was  added dropwise  to a s t i r r e d  mix tu re  

of hydrogen peroxide (8.22 g . ,  =: 90 percent ,  0.22 mole)  in methylene 

chlor ide (50 ml). The t e m p e r a t u r e  w a s  maintained a t  - I O o  to +3OC. 

S t i r r ing  continued fo r  1 / 2  hour  a f t e r  the addition was  completed.  

The  p e r  acid solution thus obtained was  then added dropwise  to 

a s l u r r y  of d r y  potass ium carbonate  powder (86 g . ,  0.62 mole) ,  

methylene ch lor ide  (122 ml), and 1, 3-bis(p-allylphenyl)tetramethyl- 

disi loxane (23.7 g . ,  n D  23 = 1.5206 and-22.6gg. ,  n 

b.p.. 135 *5OC a t  0.015 t o r r ,  0.127 mole ,  0.254 e q . ) .  

t e m p e r a t u r e  was  again maintained a t  - 3  *7OC. 

was 1 hour.  
to 18OC. 

showed that  i t  had s o m e  OH groups due to the s l ight  difficiency of 

anhydride.  

23 
= 1.5193, to ta l  46.3 g., 

The reac t ion  

The total  addition t i m e  

Overnight the pot t e m p e r a t u r e  gradual ly  rose f rom 5OC 

The c rude  product  weighed 50.4 g.  I t s  i n f r a red  s p e c t r u m  

Molecular  dis t i l la t ion of the product  has ye t  to be c a r r i e d  out. 

P r e p a r a t i o n  of I , 3 -Bis(m-epoxypropylpheny1)tetramethyldisiloxane 
v ia  Pe rbenzo ic  Acid (Cl961-61)  

The perbenzoic  ac id  was r ecove red  f r o m  a 25 pe rcen t  solution 

The resu l t ing  solid in  t-butyl alcohol by evaporat ion under vacuum. 

w a s  taken up in  20 ml d r y  methylene chlor ide.  

A prepa ra t ion  w a s  planned substi tuting sodium bicarbonate  in 

place of po ta s s ium carbonate  to r emove  ac id  f r o m  the reac t ion  mixture .  

Accordingly,  the bicarbonate  was  finely ground, and d r i e d  48 hour s  

in a vacuum oven a t  2130 C. However,  this p repa ra t ion  was  abandoned 

in favor  of the t r i f luoroperace t ic  ac id  epoxidation. 

0 

Prepa ra t ion  of Dimethylethoxychlorosilane (C 1961 - 6 3 )  

Absolute ethanol (184.3 g., 4.0 m o l e )  w a s  added to a mixture  of 

dimethyldichlorosilane (516.3 g., 4.0 m o l e s )  in pyridine (316.4 g., 

4.0 mo les ) .  The product  was  taken up in pe t ro leum e the r ,  and 
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insoluble sa l t s  w e r e  removed by fi l tration. The f i l t ra tes  w e r e  d i s -  

tilled through a packed column, and a 93-96 C fract ion w a s  collected 

weighing 215.7 g. (40 percent  yield). 

0 

Prepa ra t ion  of Phenylmethylethoxychlorosilane (C 1961 -65) 

Absolute ethanol (120 g., 2.6 m o l e s )  was added to a mixture  of 

phenylmethyldichlorosilane (470 g., 2.5 m o l e s )  in pyridine (208 g., 

2.6 moles) .  The product was taken up in pe t ro leum e the r ,  and the 

insoluble s a l t s  w e r e  removed by f i l t ra t ion.  

per formed to remove  solvent (197-210 C).  

404.5 g. (80 percent  yield). 

c a r r i e d  dut. 

A s imple  disti l lat ion was  

The crude  product weighed 0 

Frac t iona l  dist i l lat ion has  not been 

P repa ra t ion  of m-Allylphenylmagnesium Bromide (C 1961 -66)  

m-Bromoallylbenzene (107 g., 0.54 m o l e )  in 150 m l  anhydrous 

te t rahydrofuran  was  cautiously added to a s l u r r y  of d r y  magnes ium 

turnings (14.1 g., 0.58 mole )  in  te t rahydrofuran  (200 m l ) .  

was  init iated by a few g r a m s  of f resh ly  p repa red  ethylmagnesium bromide.  

Af te r  completing the addition, the reac t ion  mixture  was heated a t  

ref lux for 3 / 4  hour .  

The react ion 

P repa ra t ion  of m-allylphenyldimethylethoxy silane ( C l 9 6 1 - 6 7 )  

F r e s h l y  p r e p a r e d  allylphenylmagnesium bromide  solution was  

decanted into a n  addition funnel and added dropwide to a solution of 

dimethylethoxychlorosilane (1 50 g., 1.08 mole )  in  additional t e t r a -  

hydrofuran (200  ml). 

The product  was taken up in  pe t ro leum ether.Then the precipi ta ted s a l t s  

w e r e  removed by f i l t r a t ion ,  washed with naphtha, and the f i l t r a t e s  

w e r e  combined. 

was  dis t i l led a t  reduced p r e s s u r e :  

The mixture  was  then heated a t  reflux for  2 hours .  

Af t e r  evaporat ion of the solvent,  the c rude  product  
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Traction 

F 1  

F 2  

F 3  

F 5  

P r e s s u r e  Temp.  

2 t o r r  9OoC 

0.25 t o r r  6OoC 

0.03 t o r r  45OC 

1 0 m 3 t o r r  100°C 

Elementa l  Analysis  

Weight 

11.0 g. 

17.8 g. 

28.3 g. 

5.7g. 

% 
Carbon 

68.55 
obs.  

(70.95 
theo ry )  

R e f r ac tive 
Index 

a t  24OC 

1.49 19 

1.4900 

1.4949 

1.5212 

70 
l yd rogen  

7 0  

Silicon 

I 

9.07 obs. 

(9.16 
the0 r y ) 

( Infrared s p e c t r o g r a m s  w e r e  run  on all f r ac t ions )  

12.19 
obs.  
(12.7 

the o r  y ) 

Hydrolysis  of Remaining m -Allylphenyldime thyle thoxys i lane (C 3 9 6 1 - 69 1 

The two remain ing  f rac t ions  of the s i lane  p r e p a r e d  in C1961-67 

(fract ions F 2  and F 3 )  w e r e  hydrolyzed as follows ( the wa te r  u sed  in  

both hydro lyses  w a s  acidif ied s l ight ly  with one d rop  of glacial  ace t i c  

ac id  p e r  10 ml w a t e r ) :  

F2:  

F3: 

Wate r  (0.6 g., 0.033 m o l e )  w a s  added to m-al lylphenyl-  

dimethylethoxysilane (10 g., 0.045 mole) ,  and the mix tu re  

was  s t i r r e d  a t  r o o m  t e m p e r a t u r e  overnight.  After  r emova l  

of ethanol and r e s idua l  w a t e r  by disti l lat ion,  the c rude  

product  weighed 7.9 g., and had a r e f r ac t ive  index of 

1.5218. 

Water  (2.5 g., 0.092 m o l e )  was  added to m-al lylphenyl-  

dimethylethoxysilane (28 g., 0.126 mole) ,  and the mixture  

s t i r r e d  at r o o m  t e m p e r a t u r e  overnight.  Af te r  r emova l  of 

ethanol and res idua l  wa te r  by disti l lat ion,  the c rude  p r o -  

duct weighed 23.5 g. 

Since both hydro lyses  appea red  cloudy, even a f t e r  r emova l  of res idua l  

wa te r ,  the two runs  w e r e  combined, and re -d is t i l l ed  under vacuum. 

A two-phase 

combined products  weighed 23.8 g. 

dis t i l la te  (7.6 g.) w a s  col lected in the cold t rap .  The 
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Pre parati on of 1,3 - Bi s( m- epoxy pr ODY Lphenv 1) tetra - 

Refract ive Elementa l  Analysis  
Index F rac t ion  Weight 

7 0  c % H 70 Si 

F 1  1.5 g. 1.5239 68.17 7.74 14.5 1 
F Z  1.6 g. 1.5251 66.57 7.69 14.15 

F3 3.0 g. 1.5215 - - - 
i 

, .  . .. * .  . 
m e  thy ldi siloxane ( C 1 9 6 1 - 7 1 ) 

Tri f luoroperace t ic  acid was p repa red  f r e sh ly  by dropwise addition 

of t r i f luoroacet ic  anhydride (21 g., 0.10 mole )  in d r y  ethylene chlor ide 

(30 ml) to a cold s l u r r y  of 98 percent  hydrogen peroxide (2.4 ml, 

0.08 m o l e )  with constant s t i r r ing .  The t empera tu re  was  kept  a t  

0-5OC with a n  i c e  bath. 

constant  s t i r r i n g ,  to a cold s l u r r y  of po tass ium carbonate  (34 g . ,  0.25 

:nole)  (which had been finely ground and d r i ed  under vacuum a t  100°C 

overnight) and bis(m-allylpheny1)tetramethyldisiloxane (10 g. , 0. 055 eq)  

in d r y  methylene ch lor ide  (60 ml). 
below 5'6; by use  of a n  i ce  bath, 

This  f r e s h  perac id  was  added dropwise,  with 

Again, the t empera tu re  w a s  kept  

Prec ip i ta ted  s a l t s  w e r e  removed f r o m  the reac t ion  mixture  by 

f i l t ra t ion,  washed with methylene chlor ide,  and the combined f i l t r a t e s  

w e r e  dis t i l led a t  1 a tmosphe re  to remove  solvent.  The c rude  product  

weighed 13.9 g r a m s  a f t e r  evaporat ion of the methylene chlor ide 

( theore t ica l  weight = 13. 8 g. ). 

The following th ree  f rac t ions  w e r e  obtained by vacuum dis t i l la t ion 

a t  torr: 

P r e p a r a t i o n  of 1,3 - Bi s( m- epoxypropy1phenyL)tetramethyl- 
disi loxane C1961-72 

Tr i f luoroperace t ic  ac id  was  f r e sh ly  p r e p a r e d  by dropwise  addition 

of t r i f luoroace t ic  anhydride (48.3 g. ,  0.23 m o l e )  to a cold suspens ion  

of 98 pe rcen t  hydrogen peroxide (5.5 ml, 0.19 m o l e )  in  30 ml pre-cooled  

d r y  methylene chlor ide.  

i ce  bath. Jhe perac id  was  then t r a n s f e r r e d  to a dropping funnel 

added dropwise,  with constant s t i r r ing ,  to  a cold s l u r r y  of finely powdered 

The reac t ion  was  kept  below 5OC by use  of a n  

and 
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anhydrous potass ium carbonate ,  which had been d r i ed  overnight i n  

vacuum a t  2110 C (82 g . ,  0.58 mole) ,  and bis(m-allylpheny1)tetramethyl- 
disiloxane ( 2 3  g . ,  0.127 mole )  in  125 ml d r y  methylene chloride.  The 

react ion t empera tu re  was kept  below O°C during addition, and allowed 

to r each  room tempera tu re  slowly. It was  s t i r r e d  overnight. After 

removal  of the sol id  sa l t s  by f i l t ra t ion,  and subsequent washing of the 

s a l t s  with f r e s h  solvent,  the f i l t ra tes  w e r e  combined and the solvent 

evaporated off. 

This product w a s  run through a molecular  s t i l l  a t  10 

s t i l l  sur face  tempera ture .  

collected,  which had a re f rac t ive  index of 1.4950. 

g r a m  showed the p re sence  of a considerable  amount of hydroxyl groups.  

0 

The crude  product  was a da rk  a m b e r ,  viscous res in .  
- 3  t o r r  and 15OoC 

5.4 g r a m s  of a s t raw-colored  liquid was 

The in f r a red  s p e c t r o -  

P repa ra t ion  of p-Allylphenyldimethylethoxysilane (C 1961 -73) 

The p-allylphenyl Gr ignard  was p r e p a r e d  by the dropwise addition 

of p-bromoallylbenzene (143 g . ,  0.73 m o l e )  in  anhydrous te t rahydrofuran 

(200 ml) to a s l u r r y  of d r y  magnes ium turnings (19 g . ,  0.78 mole )  in  

anhydrous te t rahydrofuran  (300 ml). 

addition of f r e sh ly  p repa red  ethylmagnesium iodide. 

heated a t  ref lux for  3 / 4  hour a f t e r  the addition was  completed.  

f r e sh ly  p r e p a r e d  p-allylphenylmagnesium bromide  was  decanted into a 

dropping funnel and added dropwise,  with constant  s t i r r ing ,  to dimethyl - 
ethoxychlorosilane (200 g. , 1.44 mole )  in  anhydrous te t rahydrofuran 

(200 ml). Af te r  addition, the reac t ion  mixture  was h e a t e d a t  ref lux 

one hour.  

The react ion was  init iated by the 

The mixture  was 

The 

The crude  product  was  taken up in  pe t ro leum e the r .  The sa l t s  

w e r e  removed by fi l tration,washed with f r e s h  solvent and re f i l t e red ,  

and the f i l t ra tes  w e r e  combined. After  evaporation of solvent,  the 

c rude  product weighed 121 g r a m s  (67 percent  of theore t ica l ) .  

a re f rac t ive  index of n23  = 1.4969. 

It has  

D 
A vacuum disti l lat ion a t  0.5 t o r r  w a s  per formed on the c rude  

product and the following f rac t ions  w e r e  obtained. 
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r 
Temp.  
Range F rac t ion  

C1961-73 F 1  47- 6OoC 

C1961-73 F 2  60- 85OC 

C1961-73 F 3  8 5 - 1 2OoC 

Attempted P r e p a r a t i o n  of 1 ,3-Bis (  p-epoxypropy1phenyl)tetra- 
methvldisiloxane IC1961 -74) 

Re  f r ac ti%e 
Index (24 C )  Weight 

18.4 g. 1.4945 

74.4 g. 1.4925 

24.1 g. 1.4962 

Tr i f luoroperace t ic  ac id  was  f r e sh ly  p repa red  as before ,  f r o m  

t r i f luoroace t ic  anhydride (7.3 g., 0.034 m o l e )  added to 98 pe rcen t  

hydrogen peroxide (0.9 ml, 0.031 mole) .  

dropwise,  with constant  s t i r r ing ,  to a cold s l u r r y  (0-5OC) of finely 

powdered anhydrous potass ium carbonate  ( 1 2  g., 0.085 m o l e )  and 

bis(p-a1lylphenyl)tetramethyldisiloxane (3.5 g., 0.019 mole )  in  30 ml 

d r y  methylene chlor ide.  The addition of the perac id  was  Ir-ade much 

m o r e  slowly than i n  P repa ra t ion  C1961-72. 

s t i r r e d  overnight as  before ,  and the c rude  product  worked up  as in 

C1961-72. 

Accordingly, no fu r the r  work  was  done on th i s  product.  

The pe rac id  was  then added 

The reac t ion  mixture  was  

Again, the c rude  product  was  a d a r k  a m b e r ,  v i scous  polymer.  

P r e p a r a t i o n  of Bis  (m - epoxypr opylpheny1)tetramethyldisiloxane 
(C1961-75) 

Tr i f luoroperace t ic  ac id  was p repa red  by dropwise addition of 

t r i f luoroace t ic  anhydride (60.7 g, 0.29 mole )  in 80 ml d r y  methylene 

chlor ide to  a cold suspension of 98 pe rcen t  hydrogen peroxide (10.4 g, 

0.29 m o l e )  in  d r y  methylene chlor ide (60 ml). The  pe rac id  was  t r a n s -  

f e r r e d  t o  a dropping funnel and added dropwise,  with constant s t i r r ing ,  

to a s l u r r y  of b i s ( m -  allylpheny1)tetramethyldisiloxane (47.7 g, 0.1 3 

mole) and finely powdered anhydrous potass ium carbonate  (104 g, 0.75 

mole )  in 130 ml d r y  methylene chlor ide.  

kept below 5OC during addition by use  of an ice  bath. 

The  reac t ion  mix tu re  was 
\ 

The  mix tu re  
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was allowed to  w a r m  up to  ambient  t empera tu re ,  and s t i r r e d  overnight. 

The  c rude  product  was  sepa ra t ed  f r o m  sol ids  by fi l tration, and the 

sol ids  were  washed with f r e s h  solvent. Combined f i l t r a t e s  (which had 

a pH of approximately 6 )  w e r e  dis t i l led at ambient  p r e s s u r e  t o  remove  

solvent a n a  r e s idua l  low boi le rs .  

5OoC ( 

and had a re f rac t ive  index of 1.5252 at 23OC. 

Af te r  high vacuum evaporation at 

t o r r )  the product  weighed 38 g (74 pe rcen t  of theoret ical) ,  

Attempted R epurif icat ion of b i s  (p- epoxypropylpheny1)tetramethyldisi- 
loxane (C1961- 78, C2425-54) 

The  crude  product  (weighing 50.4 g) was  vacuum disti l led,  on a 

small molecular  still, yielding the  following f rac t ions :  

F r a c t i o n  

F 1  

F 2  

F3 

F 4  

Po t  r e s .  

P r e s  s u r e  
(torr) 

4 

4 
5 x 10- 

5 x 10- 

Ref r .  
Index 

Stil l  
Temp.  

85-100 1.5157 

125 1.5162 

90-100 1.5034 

11 0- 135 1.4997 

2 1 3 5  1.5106 

Weight 
(grams) 

2.8 

2 3.6 

React ion of b i s  (m- eDoxvDroDv1Dhenvl)tetr amethvldi  si loxane with 
Tr i f luorace t ic  Acid, for  Compar ison  of IR Absorpt ions (C1961- 79) 

A 0.119 N solution of t r i f luoroace t ic  ac id  in methylene chlor ide 

was p r e p a r e d  by  addition of wa te r  (0.054 g, 0.00297 mole )  t o  t r i f luoro-  

ace t ic  anhydride (0.626 g, 0.00297 mole )  in  5 ml d r y  methylene chloride.  

The  resu l t ing  ac id  was t r a n s f e r r e d  quantitatively t o  a 50 ml volumetr ic  

flask,  and brought to  50 ml volume with methylene chlor ide.  

(0.00125 eq)  of the ac id  solution w e r e  added with constant  s t i r r i n g  to  

b is (m-  epoxypropylpheny1)tetramethyldisiloxane (1.00 g, 0.005 eq.,  

C1961-75). 

was purif ied by evaporat ion of low bo i l e r s  at 65- 7OoC at 5 x 10 

Refract ive index at 23  C was 1.5132, and the product  weighed 0.80 g 

a f te r  purification. 

10.40 ml 

The  mix tu re  was s t i r r e d  fo r  24 hour s  at 5OoC. The  product 
-4 

t o r r .  
0 

100 
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P r e p a r a t i o n  of p-Bromoallylbenzene (C2425 - 5 6 )  

A solution of p-dibromobenzene (1180 g, 4 mole)  in  absolute  

e t h e r  was  added gradual ly  to a s l u r r y  of magnesium (106 g, 4 .4  mole)  

in  e ther .  After  the react ion was  completed,  a solution of a l ly l  chlor ide 

(385 g, 5.0 mole)  in  e the r  was  added dropwise.  The vigorous reac t ion  
proceeded smoothly all through the addition and fo r  about a half hour 

the rea f t e r ,  but it eventually went out of control.  

l i shed only after m a s s i v e  l o s s e s  had occurred .  

was  washed with acidified water  and the e the r  phase col lected,  

r emova l  of e t h e r  by dis t i l la t ion the allylbromobenzene was dis t i l led 

under  reduced p r e s s u r e ,  

acted dibromobenzene remained which solidified in the product  and had 

to be removed by decantation. 

i so la ted  

Control  was r e e s t a b -  

The mix tu re  ul t imately 

After  

It should be noted however that  much unre -  

Two f rac t ions  of product  w e r e  f inal ly  

I 

I1 

183 g (B.P. 14 = 94-96OC, n g  = 1.5517) 

96 g (B. P. 14 = 96-98OC, n g  = 1.5536) 

Yield calculated on the bas i s  of these two f rac t ions  was  279 g,  1.42 

mole  o r  35. 5 percent .  

P r e p a r a t i o n  of p-Bromoallylbenzene (C1961-88) 

Solid p-dibromobenzene (589.9 g, 2. 5 mole)  was  added with 
vigorous st irring to a s l u r r y  of d r y  magnesium (68. 1 g, 2 .  8 mole) in 

two l i t e r s  of anhydrous e the r  containing 50 g of the p-dibromobenzene. 

The reac t ion  was init iated with a few g r a m s  of f r e sh ly  p repa red  

ethylmagnesium iodide. 

an  ice bath. After addition of the p-dibromobenzene, the reac t ion  

mix tu re  was  s t i r r e d  a t  ref lux for  t h ree  q u a r t e r s  of an  hour ,  and then 

a l ly l  bromide (338. 8 g, 2. 8 mole)  in two volumes of d r y  e t h e r  

was  added dropwise with constant s t i r r ing .  

maintained by use  of an  i c e  bath. 

reflux fo r  one half hour a f t e r  the addition of the 3-bromopropene. 

Then the react ion was kept at even reflux with 

Again even ref lux was  

The react ion mixture  was  s t i r r e d  at 

Nex t  
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the react ion mixture  was poured over  acidified ice water  (pH approxi- 

mate ly  3), and the organic  phase was sepa ra t ed  i n  a sepa ra to ry  funnel. 

The aqueous phase was shaken with f r e s h  e ther ,  and the e ther  phases  

were  then combined. 

Ether  was then removed by s imple disti l lat ion and the high bo i l e r s  were  

then disti l led,  yielding 297.0 g of product boiling a t  86-94OC a t  6-8 t o r r .  

(6 0 pe r  cent of theore t ica l ) .  

They were  then washed with f r e s h  sa l t  water .  

P repa ra t ion  of Dimethylethoxychlorosilane (C1961- 87)  

A mix tu re  of anhydrous ethanol (184.3 g, 4.0 mole )  and pyridine 

(100 g, 1.26 mole )  was added dropwise,  with constant s t i r r ing ,  to  a 

mix tu re  of dimethyldichlorosilane (51 6.3 g, 4.0 mole )  and pyridine 

(216.4 g, 2.74 mole) .  

bath. 
One liter of hexane was added to the react ion mixture, and the sol ids  

were  sepa ra t ed  out by  f i l t ra t ion and washed with f r e s h  hexane. 

F i l t r a t e s  were  combined and s ta r t ing  m a t e r i a l s  and solvent were  dis- 

t i l led off at ambient  p r e s s u r e .  

An even re f lux  was maintained by use of an ice  

The reac t ion  mix tu re  was s t i r r e d  another half hour  a t  reflux. 

P repa ra t ion  of b i s  (m- epoxypr opylpheny1)t e t  r amethyldisiloxane 
IC1 961 - 84)  

Tr i f luoroperace t ic  acid was p repa red  by the dropwise addition, 

with constant s t i r r ing ,  of t r i f luoroace t ic  anhydride (79.8 g, 0.381 mole)  

in  d r y  methylene chlor ide (100 ml) to  a cold suspension of 92.9 percent  

hydrogen peroxide (1 1.2 g, 0.306 mole )  in 70 ml of d r y  methylene 
chloride.  

by use of an  ice  bath. 

dropping funnel and added dropwise,  with constant s t i r r ing ,  to a cold 

s l u r r y  of bis(m-allylpheny1)tetramethyldisiloxane (50.2 g, 0.1 37 mole)  

and finely powdered d r y  potass ium carbonate  (185 g, 1.334 mole )  in 

150 ml of d r y  methylene chloride.  Again, the reac t ion  t e m p e r a t u r e  

was kept below 5OC by use  of an ice  bath. 

0 During addition the reac t ion  mixture  w a s  kept below 5 C 
The  perac id  solution was t r a n s f e r r e d  to  a 

The mixture  was allowed to  

to room tempera tu re ,  and then heated at  r e f lux  f o r  one half  hour-  

The mixture  was s t i r r e d  overnight at ambient  t empera tu re .  Crude 
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product was then sepa ra t ed  by f i l t ra t ion,  the sol ids  were  washed with 

f r e s h  methylene chloride,  and the f i l t r a t e s  were  combined. 

the f i l t ra tes  was 4; thus,  they were  s t i r r e d  two hours  with f r e s h  

potassium carbonate,  which brought the pH up to 6. 
the sol ids  as before,  the solvent w a s  removed by disti l lat ion and the high 

bo i l e r s  w e r e  dis t i l led under vacuum, yielding the following fract ions.  

25 7.0 g net;  n D  = 1.5119 - 

The pH of 

After  f i l ter ing out 

2F2: 80-84OC a t  t o r r ;  

25 
2F3: 84-95OC at t o r r ;  11.6 g net;  n D  = 1.5170 

A higher boiling fract ion of the product, weighing 8.8 g net, was taken 

up i n  t h r e e  volumes of methylene chloride and s t i r r e d  fo r  twenty-four 

hours  a t  keflux in  the p re sence  of potassium carbonate  (15 g). 

separa t ion  and repurif icat ion of this  product, IR ana lys i s  showed that 

the impur i t ies  remained.  

After  

P repa ra t ion  of b i s  (p- epoxypropylpheny1)tetramethyldisiloxane 
(C 1961 - 8 6 )  

Tr i f luoroace t ic  anhydride (21.0 g, 0.0999 eq)  in d r y  methylene 

chloride (20 ml) was added dropwise, with constant  s t i r r ing ,  t o  a cold 

suspension of 92.9 percent  hydrogen peroxide (3.2 g, 0.0873 eq )  in d r y  

methylene chlor ide (20  ml ) .  

below 5OC by use  of an ice  bath. 
m i x t u r e  w a s  s t i r r e d  fo r  f i f teen minutes .  

The t empera tu re  during addition was kept 

After the addition was completed the 

The resul t ing perac id  solution was then t r a n s f e r r e d  to  a dropping 

funnel and added dropwise,  with constant s t i r r ing ,  to a s l u r r y  of 

bis(p-allylpheny1)tetramethyldisiloxane (1 6.0 g, 0.0873 eq)  and finely 

powdered d ry  sodium carbonate  (31.8 g, 0.3 eq)  in  dry methylene 

chloride (100 ml). 

mixture  was kept a t  gentle reflux 

addition, the mix tu re  was s t i r r e d  another half hour a t  reflux. 

During the addition of the peracid,  the reac t ion  

After  by use  of an  ice  bath. 

The c rude  product was sepa ra t ed  by f i l t ra t ion,  and the sol ids  

were  washed s e v e r a l  t i m e s  with f r e s h  methylene chloride.  

were  combihed with the crude product and f r e s h  sodium carbonate  

F i l t r a t e s  
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(10.6 g, 0.10 e q )  was then added. 
fifteen minutes .  

sol ids  were  rewashed  with f r e s h  methylene chloride.  

a pH of approximately 6 a f t e r  both separa t ions . )  The crude product 
was then allowed to  s tand 48 hour s  ove r  anhydrous magnesium sulfate. 

High vacuum disti l lat ion yielded t h r e e  f rac t ions  a s  follows: 

The s l u r r y  w a s  s t i r r e d  a t  ref lux for  

The product was again sepa ra t ed  by fi l tration, and the 

(The f i l t r a t e s  had 

4 2 4  C1961-86 F1: 75-108OC at IO- torr.; net  = 1.4 g; n = 1.4990 
D 

2 4 =  1.5068 D C1961-86 F2:  108-1 15OC a t  t o r r ;  net  = 8.1 g; n 

2.9 g; n 2 4  = 1.4968 C1961-86 F3: >115OC at 1 0 - 4 t o r r ;  net  = D 

Prepa ra t ion  of Phenyl t r i s  (ethylamino) s i lane  (D 1 1 5 1 - 7A) 

A solution of red is t i l l ed  phenyl t r ichlorosi lane (106 g, 0. 50 mole)  

in  anhydrous e the r  (100 ml) was added dropwise to a solution of 

anhydrous ethylamine (2- 225 g ,  5 mole)  in  anhydrous e the r  (500 ml) 

maintained at -1OOC to O O C .  

mix tu re  was  f i l t e red ,  and the f i l t ra te  dis t i l led to remove  e the r  and 

excess  amine. 

54. 5 g of phenyltris(ethy1amino)silane boiling at 110 - t l0C. 

r e p r e s e n t s  46 pe rcen t  of theoret ical .  

After set t ing for  s e v e r a l  days the 

High bo i l e r s  w e r e  then dis t i l led at 3 t o r r  to  yield 

The yield 
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